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SPECIFICATION 



TRANSITION METAL COMPLEX LIGAND AND OLEFIN POLYMERIZATION 
CATALYST CONTAINING TRANSITION METAL COMPLEX 

5 

Technical Field 

The invention relates to a transition metal complex, a 
ligand and an olefin polymerization catalyst, and a production 
method of an olefin polymer. 

10 

Background Art 

Conventionally, it has been reported to use a reaction 
product of an organic compound having two hydroxyl groups and 
phosphine (for example, 
15 2 , 2 ' - ( phenylphosphide ) bis ( 6 - tert -butyl - 4 -methylphenoxide ) ( t 
etrahydrofuran) titanium dichloride) for production of olefin 
polymers (for example Japanese Patent Application Laid-Open 
(JP-A) No. 10-218922). 

20 Disclosure of the Invention 

The transition metal complex having the ligand of the 
invention is useful as a component of an olefin polymerization 
catalyst. The catalyst has a good polymerization activity and 
can be used for production of high molecular weight olefin 
25 polymers. 

The present invention provides: 

1. a phosphine compound of formula (1): 



1 




wherein R 1 , R 2 , R 3 , R 4 , R 6 , R 7 and R 8 are the same or different , 
and independently represent; 
a hydrogen atom, 
5 a halogen atom, 

a substituted or unsubstituted alkyl group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms, 

10 a substituted or unsubstituted aryl group having 6 to 20 

carbon atoms, 

a silyl group substituted with a substituted or 
unsubstituted hydrocarbon having 1 to 20 carbon atom(s), 

a substituted or unsubstituted alkoxy group having 1 to 
15 10 carbon atom(s), 

a substituted or unsubstituted aralkyloxy group having 
7 to 20 carbon atoms, 

a substituted or unsubstituted aryloxy group having 6 to 
20 carbon atoms, or 
20 an amino group disubstituted with hydrocarbons having 1 

to 20 carbon atom(s); 

R5 represents, 

a hydrogen atom, 

a fluorine atom. 
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a substituted or unsubstituted alkyl group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms, 

a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms , or 

a silyl group substituted with a substituted or 
unsubstituted hydrocarbon having 1 to 20 carbon atom(s); 

G 1 represents a hydrogen atom or a protective group of 
hydroxyl group ; 

G 2 represents any one of G 21 to G 26 below; 

p21 Hn R 22 

H D 10 

R ~n 



G ai : "AX, Q22; _y* G 2 *: V 



R a 



R 15 R 16 /R 17 R ia\ R 19 

G : -V R G 25 : — l-V R G 26 : —A 1 

A 2 \\/m V° 

H F 

wherein A 1 represents an element of Group 15 of the 
periodic table, and A 2 represents an element of Group 16 of the 
periodic table, wherein A 1 in G 21 represents a nitrogen atom; 

R 9 and R 14 each represents 

a substituted or unsubstituted alkyl group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms, 

a substituted or unsubstituted aryl group having 6 to 20 
.carbon atoms , or 

a group of formula: 



wherein R 90 and R 91 are the same or different , and represent 

a substituted or unsubstituted alkyl group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms, 

a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms, or 

a cyclic structure by being linked together; 

R 12 , R 13 , R 19 and R 20 each independently represents 

a substituted or unsubstituted alkyl group 1 to 10, 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms , 

a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms, or 

R 12 and R 13 , and R 19 and R 20 , each independently, are linked 
together and represent cyclic structure; 

R 10 , R 11 , R 15 , R 16 , R 21 and R 22 each independently represents 

A hydrogen atom, 

a substituted or unsubstituted alkyl group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms, or 

a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms, 

R 17 and R 18 are the same or different, and represent, 
a hydrogen atom, 
a halogen atom, 

a substituted or unsubstituted alkyl group having 1 to 



10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms, or 

a substituted or unsubstituted aryl group having 6 to 20 
5 carbon atom(s); and 

m represents an integer of 0 or 1; 

2 . a production method of a phosphine compound of formula 



(21B) : 

R 9 




wherein G 10 represents a hydrogen atom, or a protective 
15 group of a hydroxyl group selected from an alkyl group having 
a secondary or tertiary carbon atom linked to an oxygen atom 
of phenol , or a CI to C2 alkyl group substituted with a substituted 

5 



or unsubstituted alkoxy group, and 

R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 and R 21 are the same as defined 
above, with an organic compound of formula (2 IF): 
R 9 NH 2 (2 IF) 

5 wherein R 9 is as defined above; 

3 . a production method of a phosphine compound of formula 

21A: 

R 9 




(21A) 



wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 and R 9 are as described 
10 above, and A 1 represents a nitrogen atom, which comprises 

reacting the phosphine compound of formula 2 IB above, 
wherein G 10 is a protective group of hydroxyl group selected 
from an alkyl group having a secondary or tertiary carbon atom 
linked to an oxygen atom of phenol or a CI or C2 alkyl group 
15 substituted with a substituted or unsubstituted alkoxy group, 
with an acid; 

4. a production method of the phosphine compound of 
formula ( 22A) : 
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13 



wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 10 , R 11 , R 12 , R 13 
and A 1 are the same as described above, and G 11 represents a 
protective group of hydroxyl group selected from an alkyl group 
having a secondary or tertiary carbon atom linked to an oxygen 
10 atom of phenol, or CI to C2 alkyl groups substituted with a 
substituted or unsubstituted alkoxy group, with an acid; 

5 • a production method of a phosphine compound of formula 
(22B) above, which comprises reacting a phosphine dihalide 
compound of formula (22C): 
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(22C) 



wherein A, R 5 , R 6 , R 7 # R 8 , R 11 , R 12 , R 13 and A 1 are as defined 
above, and X 2 represents a halogen atom, 

with a metal aryl compound of formula (22D); 




(22D) 



wherein R 1 , R 2 , R 3 , R 4 and G 11 are the same as above, and 
D represents an alkali metal or J-X 3 , where J represents an 
alkaline earth metal and X 3 represents a halogen atom; 

6 . a production method of a phosphine compound of formula 
(22B) above which comprises reacting 

a phosphine halide compound of formula (25C): 




(25C) 



wherein R 1 , R 2 , R 3 , R 4 and G 11 are as described above, and 
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X 2 represents ahalogen atom, with a metal aryl compound of formula 
(22E) : 



n 12 

R 13 




(22E) 



wherein A, R 5 , R 6 , R 7 , R 8 , R 9 , R 10 , R 11 , R 12 , R 13 , A 1 and D 
5 are as described above; 

7 . a production method of a phosphine compound of formula 

(23B) : 




(23B) 



2 R° 

wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 14 , A 1 and R 22 are 
10 as described above , which comprises reacting a phosphine compound 
of formula (23C): 
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R 14 




are as described above, 

which comprises reacting 

a phosphine compound of formula (23B) with an acid; 
9 . a production method of a phosphine compound of formula 

(24A) : 
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as described above, 



which comprises reacting a phosphine compound of formula 

(24B) : 




are as described above. 
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which comprises reacting 

a phosphine compound of formula (24C): 




as described above, 

with a metal hydride compound or a metal aryl compound 
of formula (24D); 

R 16 -Y (24D) 

wherein R 16 and Y represent an alkali metal, or 
J-X 3 , wherein J represents an alkali earth metal and X 3 
represents a halogen atom; 

11. a production method of a phosphine compound of formula 

(25A) : 




(25A) 



wherein , R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 17 , R 18 and m are 
as described above, 

which comprises reacting 

a phosphine compound of formula (25B): 
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(25B) 



R K " "Y" "R 4 / R s R 7 

R 3 / 2 R 6 

wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 17 . R 18 , G 11 and m 
are as described above, 
with an acid; 

5 12 . a production method of a phosphine compound of formula 

(25B) above, which comprises reacting 

a phosphine halide compound of formula (25C): 




(25C) 

i 3 / 2 

wherein R 1 , R 2 , R 3 , R 4 and are G 11 are as above, and X 2 
10 represented a halogen atom, 

with a metal aryl compound of formula (25D); 




(25D). 



wherein R 5 , R 6 , R 7 , R 8 , R 15 , R 16 , D and m are as described 



above ; 
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13 . a production method of a phosphine compound of formula 
(25B) above, which comprises reacting 

a halo-phosphine compound of formula (25E): 




(25E) 



wherein R 5 , R 6 , R 7 , R 8 , R 95 , R 96 and m are as described above , 
and X 2 represents a halogen atom, 

with a metal aryl compound of formula (25F); 




(25F) 



R 3 

wherein R 1 , R 2 , R 3 , R 4 , G 11 and D are as described above; 
14 . a production method of a phosphine compound of formula 

(26A): 




(26A) 



wherein A 1 , R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 19 , R 20 and A 1 
are as described above, 
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which comprises reacting 

a phosphine compound of formula (26B): 




5 are as described above, 
with an acid; 

15 . a production method of a phosphine compound of formula 
(26B) above, which comprises reacting 

a halo-phosphine compound of formula (26C) : 
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(26C) 



wherein R 5 , R 6 , R 7 , R 8 , R 19 , R 20 and A 1 areas described above, 
and X 2 represents a halogen atom, 

with a metal aryl compound of formula (26D): 




(26D) 
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wherein R 1 , R 2 , R 3 , R 4 , D and G 1 (preferably G 11 ) are as 
described above; 

16 . a production method of a phosphine compound of formula 
(26B) above, which comprises reacting 

an arylhalogenated phosphorous compound of formula (26E) : 




(26E) 



wherein R 1 , R 2 , R 3 , R 4 and G 11 are as described above, and 
X 2 represents a halogen atom, 

with a metal aryl compound of formula (26F): 




above ; 

17. a production method of a transition metal complex 
of formula ( 3 ) : 
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wherein M, R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , X 1 and L are as 
described below, 

q represents an integer of 0 or 1; 

G 20 represents any one of G 21 to G 26 below; 



wherein A 1 represents an element of Group 15 of the periodic 
table. A 1 in G 23 represents an anion of an element of Group 15 
of the periodic table, A 2 represents an anion of an element of 
Group 16 of the periodic table, and A 1 in G 21 represents a nitrogen 
atom; 

R 9 and R 14 each represents, 

a substituted or unsubstituted alkyl group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms. 




,22 
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a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms , or 

a group of formula: 
R 90 -N-R 91 , 

wherein R 90 and R 90 are the same or different , and represent 

a substituted or unsubstituted alky! group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms, 

a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms , or 

a cyclic structure being linked together; 

R 12 , R 13 , R 19 and R 20 each independently represents, 

a substituted or unsubstituted alkyl group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms, or 

a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms ; or 

R 12 and R 13 , and R 19 and R 20 each independently represent 
a cyclic group being linked together; 

R 10 , R 11 , R 15 , R 16 , R 21 and R 22 each independently represents , 

a substituted or unsubstituted alkyl group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms, or 

a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms; 

R 17 and R 18 are the same or different, and each represents 
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a hydrogen atom, 
a halogen atom, 

a substituted or unsubstituted alkyl group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms , or 

a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms ; 

m represents an integer of 0 or 1; and 

the line linking M and G 20 means that M is linked or 
coordinated to an element of Group 15 or 16 of the periodic table 
or to a fluorine atom constituting G 20 , 

which comprises reacting 

a phosphine compound of formula (2): 



OG 10 G 2 




wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 and R 8 are as described 
above, and G 10 represents 

a hydrogen atom, or a protective group of hydroxyl group 
selected from an alkyl group having a secondary or tertiary carbon 
atom linked to an oxygen atom of phenol or a CI to C2 alkyl group 
substituted with a substituted or unsubstituted alkoxy group, 

with a transition metal compound of formula (4): 

MX 1 3 LL 1 p ( 4 ) 

wherein 

M represents an element of Group 4 of the periodic table; 
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X 1 represents, 
a hydrogen atm, 
a halogen atom, 

a substituted or unsubstituted alkyl group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyl group having 7 to 
20 carbon atoms, 

a substituted or unsubstituted aryl group having 6 to 20 
carbon atoms , 

a substituted or unsubstituted alkoxy group having 1 to 
10 carbon atom(s), 

a substituted or unsubstituted aralkyloxy group having 
7 to 20 carbon atoms, 

a substituted or unsubstituted aryloxy group having 6 to 
20 carbon atoms , or 

an amino group disubstituted with a hydrocarbon having 
2 to 20 carbon atoms; 

L represents a balancing counter ion or neutral ligand, 
being an atom or a group similar to X 1 , and is bonding or 
coordinating to metal M, L 1 represents a neutral ligand, and 
p represents an integer of 0 to 2; 

18. a production method of the transition metal complex 
of formula (3) above, 

which comprises reacting 

a phosphine compound of formula (5): 
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OG 11 G 2 




described above, 

with the transition metal compound of formula (4) above; 

19. the transition metal complex of formula (3); 

20. an olefin polymerization catalyst prepared by 
combining the transition metal compound of formula (3) and the 
following compound A, and optionally compound B; 

compound A: any one of Al to A3 below, or a mixture of 
at least two of them; 

Al : an organic aluminum compound of formula (El ) a Al( Z ) (3 -a) ; 

A2: a cyclic aluminoxane having a structure represented 
by [-Al(E2)-0-] b ; and 

A3: a linear aluminoxane having a structure represented 
by (E3) [-Al(E3)-0-] c Al(E3) 2 ; 

wherein , El to E3 are the same or different and are 
hydrocarbons having 1 to 8 carbon atom(s); Z is the same or 
different and represents a hydrogen atom or a halogen atom; a 
represents 1, 2 or 3; b represents an integer of 2 or more; and 
c represents an integer of 1 or more; and 

compound B: any one of Bl to B3 below, or a mixture of 
at least two of them; 

Bl: a boron compound of formula BQ^Q 3 ; 

B2: a boron compound of formula Z + ( BQ 1 Q 2 Q 3 Q A ) ; and 

B3: a boron compound of formula (L-H) + (BQ 1 Q 2 Q 3 Q 4 ) ; 
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wherein B is a boron atom in a trivalent atomic valance 
state, Q 1 to Q 4 are the same or different, and represent a halogen 
atom, a hydrocarbon having 1 to 20 carbon atom(s) , a halogenated 
hydrocarbon having 1 to 20 carbon atom( s ) , an alkoxy group having 
5 1 to 20 carbon atom(s), a silyl group substituted with a 

hydrocarbon having 1 to 20 carbon atom(s), or an amino group 
disubstituted with hydrocarbons having 1 to 20 carbon atom(s) ; 
and 

21. a production method of an olefin polymer for 
10 polymerizing an olefin using the olefin polymerization catalyst 
above . 

Best Mode for Carrying Out the Invention 

Substituents of the phosphine compound of formula ( 1 ) will 
be described below. 

15 Specific examples of the halogen atom represented by R 1 , 

R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 17 or R 18 include a fluorine atom, a 
chlorine atom, a bromine atom and an iodine atom, and the chlorine 
atom is preferable as the halogen atoms of R 1 , R 2 , R 3 , R 4 , R 6 , 
R 7 and R 8 , and the fluorine atom is preferable as the halogen 

20 atoms of R 17 and R 18 . 

Specific examples of the unsubstituted CI to C10 alkyl 
groups represented by R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 , R 10 , R 11 , 
R 12 , R 13 , R 14 , R 15 , R 16 , R 17 , R 18 , R 19 , R 20 , R 21 , R 22 , R 90 or R 91 include 
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec -butyl, 

25 tert -butyl, n-pentyl, neopentyl, amyl, n-hexyl, n-octyl and 
n-decyl groups. Examples of the substituted CI to C10 alkyl 
groups include the CI to C10 alkyl groups substituted with a 
halogen atom, an alkoxy group, an aryloxy group, a 
hydrocarbon- subs tituted amino group or a silyl group substituted 
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with a hydrocarbon, and specific examples thereof include a 
fluoromethyl group, a dif luoroethyl group, a trif luoromethyl 
group, a f luoroethyl group, a dif luoroethyl group, a 
trif luoroethyl group, a tetraf luoroethyl group, a 
pen taf luoroethyl group, a perf luoropropyl group, a 
perf luorobutyl group , a perf luoropentyl group , a perf luorohexyl 
group, a perf luorooctyl group, a perf luorodecyl group, a 
trichloromethyl group, a methoxymethyl group, a phenoxymethyl 
group, a diaminomethyl group and a trimethylsilylmethyl group. 

Among the alkyl groups that may be substituted having 1 
to 10 carbon atom(s), the methyl, ethyl, isopropyl, tert-butyl 
and amyl groups are preferable, and the methyl and tert-butyl 
groups are more preferable. 

Examples of unsubstituted C7 to C20 aralkyl groups 
represented by R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 , R 10 , R 11 , R 12 , 
R 13 , R 14 , R 15 , R 16 , R 17 , R 18 , R 19 , R 20 , R 21 , R 22 , R 90 and R 91 include 
benzyl, naphthylmethyl , anthracenylmethyl and diphenylmethyl 
groups; examples of the substituted C7 to C20 aralkyl groups 
include those substituted with a halogen atom, an alkyl group, 
an alkoxy group, an aryloxy group or a hydrocarbon- substituted 
amino group, or with a silyl group subs tituted with a hydrocarbon; 
and specific examples of the substituted or unsubstituted aralkyl 
group having 7 to 20 carbon atoms include ( 2 -methylphenyl) methyl 
group, ( 3 -methylphenyl) methyl group, ( 4 -methylphenyl) methyl 
group, ( 2 , 3 -dimethylphenyl) methyl group, 

(2,4- dimethylphenyl ) methyl group , (2,5- dimethylphenyl ) methyl 
group, ( 2 , 6 -dimethylphenyl) methyl group, 
(3,4- dimethylphenyl ) methyl group , 
(2,3,4 - t r ime thylphenyl ) methyl group , 
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(2,3,5 - t r ime t hylphenyl ) methyl group , 
(2,3,6 - t rime thylphenyl ) methyl group , 
(3,4,5- t rime thylphenyl ) methyl group , 
(2,4,6- t rime thylphenyl ) methyl group , 
(2,3,4,5 - t etramethylphenyl ) methyl group , 
(2,3,4,6- tetramethylphenyl ) methyl group , 
(2,3,5,6- tetramethylphenyl ) methyl group , 

(pentamethylphenyl) methyl group, ( ethylphenyl ) methyl group, 
(n-propylphenyl) methyl group, ( isopropylphenyl ) methyl group, 
(n-butylphenyl) methyl group, ( sec-butylphenyl )methyl group, 
(tert-butylphenyl) methyl group, (n-pentylphenyl) methyl group, 
(neopentylphenyl) methyl group, (n-hexylphenyl ) methyl group, 
( n - oc tylphenyl ) methyl group , ( n - decylphenyl ) methyl group , 
(n-dodecylphenyl) methyl group, ( fluorophenyl ) methyl group, 
(dif luorophenyl) methyl group, (pentaf luorophenyl) methyl group, 
(chlorophenyl) methyl group, (phenoxyphenyl ) methyl group, 
( dime thylaminophenyl ) methyl group and 

( tr ime thylsilylphenyl) methyl group. The benzyl group is 
preferable as the substituted or unsubstituted aralkyl group 
having 7 to 20 carbon atoms . 

Examples of unsubstituted C6 to C20 aryl groups represented 
by R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 15 , 
R 16 , R 17 , R 18 , R 19 , R 20 , R 21 , R 22 , R 90 or R 91 include phenyl, naphthyl 
and anthracenyl groups, and examples of substituted C6 to C20 
aryl groups include those substituted with a halogen atom, an 
alkyl group, an alkoxy group, an aryloxy group and a 
hydrocarbon- substituted amino group, or with a silyl group 
substituted with a hydrocarbon. Specific examples thereof 
include 2-tolyl, 3-tolyl, 4-tolyl, 2,3-xylyl, 2,4-xylyl, 
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2,5-xylyl, 2,6-xylyl, 3,4-xylyl, 3,5-xylyl, 

2.3.4- trimethylphenyl , 2,3,5- trimethylphenyl , 
2,3,6- trimethylphenyl , 2,4,6- trimethylphenyl , 

3 . 4 . 5- trimethylphenyl , 2,3,4, 5-tetramethylphenyl , 
2,3,4,6 - t etramethylphenyl , 2,3,5,6- tetramethylphenyl , 
pent ame thy lphenyl , ethylphenyl , n-propylphenyl , 
isopropylphenyl , n-butylphenyl , sec-buty lphenyl , 

t er t - buty lphenyl , n - pen ty lphenyl , neopenty lphenyl , 

n-hexy lphenyl, n-octylphenyl , n-decy lphenyl , n -dodecy lphenyl , 

n - tetradecy lphenyl , 2 - f luorophenyl , 3 - f luorophenyl , 

4 - f luorophenyl , 3,5- dif luorophenyl , pent af luorophenyl , 

4-chlorophenyl , 2 -methoxyphenyl , 3 -methoxyphenyl , 

4 -methoxyphenyl , 4 -phenoxyphenyl , 4 -dimethylaminophenyl and 

4 -trimethylsily lphenyl groups. Preferred substituted or 

unsubstituted C6 to C20 aryl group is the phenyl group. 

Examples of cyclic structures formed by linking R 12 and 
R 13 together include C4 to C6 cyclic alkylene groups such as 
tetramethylene , pentamethylene and hexamethylene groups. 
Examples of cyclic structures formed by linking R 19 and R 20 and 
R 90 and R 91 together include the same groups . Examples of cyclic 
structures formed by linking R 90 and R 91 together include 1 -pyrolyl 
group . 

Examples of the hydrocarbon of the silyl group substituted 
with unsubstituted CI to C20 hydrocarbons represented by R 1 , 
R 2 , R 3 , R 4 , R 5 , R 6 , R 7 or R 8 include alkyl groups having 1 to 10 
carbon atom(s) such as methyl, ethyl, n-propyl, isopropyl, 
n-butyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, amyl, 
n-hexyl, cyclohexyl, n-octyl and n-dodecyl groups; and C6 to 
C20 aryl groups such as phenyl, tolyl, xylyl, naphthyl and 
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anthracenyl groups. Examples of the silyl group substituted 
with these CI to C20 hydrocarbons include monosubstituted silyl 
groups such as methylsilyl , ethylsilyl, phenylsilyl group; 
disubstituted silyl groups such as dimethyls ilyl , diethylsilyl 
5 or diphneylsilyl group; and tri-substituted silyl groups such 
as trimethylsilyl, triethylsilyl , tri-n-propylsilyl, 
tri-isopropylsilyl, tri-n-butylsilyl , tri-sec-butylsilyl, 
tri-tert-butylsilyl, tri-isobutylsilyl , 
tert -butyldimethylsilyl , tri-n-pentylsilyl , 

10 tri-n-pentylsilyl, tri-n-hexylsilyl , tricyclohexylsilyl or 
triphenylsilyl group. Examples of the preferable silyl group 
substituted with substituted or unsubstituted CI to C20 
hydrocarbons include trimethylsilyl, tert-butyldimethyl and 
triphenylsilyl groups . Examples of the silyl group substituted 

15 with substituted CI to C20 hydrocarbons include all the silyl 
groups substituted with such a hydrocarbon that is substituted 
with a halogen atom, for example, a fluorine atom. 

Specific examples of unsubstituted CI to CIO alkoxy groups 
represented by R 1 , R 2 , R 3 , R 4 , R 6 , R 7 or R 8 include methoxy, ethoxy, 

20 n-propoxy, isopropoxy, n-butoxy, sec-butoxy, tert-butoxy, 

n-pentyloxy, neopentyloxy , n-hexyloxy, n-octyloxy, n-nonyloxy 
and n-decyloxy groups . Examples of substituted CI to CIO alkoxy 
groups include CI to CIO alkoxy groups substituted with a halogen 
atom, an alkoxy group, an aryloxy group, a 

25 hydrocarbon- substituted amino group, or with a silyl group 
substituted with a hydrocarbon. 

Specific examples of the substituted alkoxy group include 
f luoromethoxy , dif luoromethyoxy , trif luoromethoxy , 
f luoroethoxy , dif luoroethoxy , trif luoroethoxy , 



tetraf luoroethoxy, pantaf luoroethoxy , perf lurorpropoxy , 
perf luorobutyloxy , perf luoropentyloxy , perf luorohexyloxy , 
perf luorooctylcoxy , perf luorodecyloxy , trichloromethyloxy , 
methoxymethoxy , phenoxymethoxy , dimethylaminomethoxy and 
5 trimethylsilylmethoxy groups. Preferred are substituted or 
unsubstituted CI to CIO alkoxy groups such as methoxy, ethoxy, 
tert-butoxy group or the like. 

Examples of unsubstituted C7 to C20 aralkyloxy groups 
represented by R 1 , R 2 , R 3 , R 4 , R 7 or R 8 include benzyloxy, 
10 naphthylmethoxy , anthracenylmethoxy and diphenylmethoxy 
groups . 

Examples of the substituted C7 to C20 aralkyloxy group 
include those substituted with a halogen atom, an alkyl group, 
an alkoxy group, an aryloxy group, a hydrocarbon- substituted 
15 amino group, or with a silyl group substituted with a hydrocarbon. 
Specific examples thereof include ( 2 -methylphenyl) methoxy 
group , ( 3 -methylphenyl ) methoxy group , ( 4 -methylphenyl ) methoxy 
group, ( 2, 3 -dime thy lphenyl) methoxy group, 
(2,4- dime thy lphenyl ) methoxy group , 
20 (2 , 5 -dimethylphenyl) methoxy group, 
( 2 , 6 -dimethylphenyl ) methoxy group , 
(3,4- dimethylphenyl ) methoxy group , 
(2,3,4- tr imethylphenyl ) methoxy group , 
(2,3,5 - t rimethylphenyl ) methoxy group , 
25 (2, 3,6- tr imethylphenyl) methoxy group, 
(3,4,5- tr imethylphenyl ) methoxy group , 
(2,4,6- tr imethylphenyl ) methoxy group , 
(2,3,4,5- t et ramethylphenyl ) methoxy group , 
(2,3,4,6- tet ramethylphenyl ) methoxy group , 
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( 2 , 3 , 5 , 6 - tet rame thylphenyl ) methoxy group , 

( pent ame thylphenyl ) methoxy group , ( e thylphenyl ) methoxy group , 
( n-propylphenyl ) methoxy group , ( isopropylphenyl ) methoxy group , 
( n-butylphenyl ) methoxy group , ( sec-butylphenyl ) methoxy group , 
5 (tert-butylphenyl) methoxy group, (n-pentylphenyl) methoxy 

group, (neopentylphenyl) methoxy group, (n-hexylphenyl) methoxy 
group, (n-octylphenyl) methoxy group, (n-decylphenyl) methoxy 
group, (n-dodecylphenyl) methoxy group, (fluorophenyl) methyl 
group , ( dif luorophenyl ) methyl group , 
10 (pentaf luorophenyl) methyl group, (chlorophenyl) methyl group, 
(methoxyphenyl) methyl group, ( phenoxypheny 1 ) methyl group, 
(dimethylaminophenyl) methyl group and 

(trimethylsilylphenyl) methyl group. Preferable examples of 
the substituted or unsubstituted C7 to C20 aralkyloxy groups 

15 include benzyloxy group and the like. 

Examples of the unsubstituted or substituted C6 to C20 
aryloxy group represented by R 1 , R 2 , R 3 , R 4 , R 7 or R 8 include phenoxy, 
naphthoxy and anthracenoxy groups . 

Examples of the substituted C6 to C20 aryloxy group include 

20 those substituted with a halogen atom, an alkyl group, al alkoxy 
group, an aryloxy group, a hydrocarbon- substituted amino group, 
or with a silyl group substituted with a hydrocarbon. 

Specific examples thereof include 2-methylphenoxy group, 
3-methylphenoxy group, 4 -methylphenoxy group, 

25 2,3-dimethylphenoxy group, 2 , 4-dimethylphenoxy group, 
2 , 5-dimethylphenoxy group, 2 , 6-dimethylphenoxy group, 
3,4- dimethylphenoxy group , 3,5- dimethylphenoxy group , 
2,3,4- trimethylphenoxy group , 2 , 3 , 5 - tr imethylphenoxy group , 
2,3,6 - trimethylphenoxy group , 2,4,5 - trimethylphenoxy group , 
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2,4,6-trimethylphenoxy group, 3 , 4 , 5- t rime thy lphenoxy group, 
2,3,4, 5 - tetramethy lphenoxy group , 2,3,4, 6 -tetrame thy lphenoxy 
group, 2,3,5,6-tetramethylphenoxy group, pent ame thy lphenoxy 
group , e thy lphenoxy group , n - propy lphenoxy group , 
5 isopropy lphenoxy group, n-buty lphenoxy group, sec-butylphenoxy 
group, tert-butylphenoxy group, n-hexy lphenoxy group, 
n - oc ty lphenoxy group , n - decy lphenoxy group , 
n-tetradecy lphenoxy group, 2-f luorophenoxy group, 

3- f luorophenoxy group, 4 -f luorophenoxy group, 

10 3, 5 -dif luorophenoxy group, pentaf luorophenoxy group, 

4- chlorophenoxy group, 2-methoxyhenoxy group, 3-methoxyhenoxy 
group, 4-methoxyphenoxy group, 4-phenoxyphenoxy group, 
4-dimethylaminophenoxy group and 4- 1 rime thy Is ily lphenoxy group . 
Preferable examples of the substituted or unsubstituted C7 to 

15 C20 aryloxy groups include the phenoxy group and the like. 

The amino group disubstituted with the unsubstituted CI 
to C20 hydrocarbon, represented by R 1 , R 2 , R 3 , R 4 , R 6 , R 7 or R 8 , 
is an amino group substituted with two hydrocarbons, wherein 
examples of the hydrocarbon include CI to CIO alkyl groups such 

20 as methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, 
tert -butyl, n-pentyl, neopentyl, amyl, n-hexyl, cyclohexyl, 
n-octyl or n-decyl; and C6 to C20 aryl groups such as phenyl, 
tolyl, xylyl, naphthyl or anthracenyl group. Examples of the 
amino group substituted with these CI to C20 hydrocarbons include 

25 dimethylamino group, diethylamino group, di-n-propylamino 
group, di-isopropylamino group, di -n-buty lamino group, 
di-sec-butylamino group, di- tert-butylamino group, 
di-isobutylamino group, tert-butylisopropylamino group, 
di- n-hexy lamino group, di-n-octylamino group, di-n-decylamino 
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group and diphenylamino group, and preferable examples include 
dimethylamino group and diethylamino group. 

Examples of the protective group represented by G 1 include 
protective groups of hydroxyl group selected from alkyl groups 
5 having a secondary or tertiary carbon atom linked to an oxygen 
atom of phenol, or CI to C2 alkyl groups substituted with a 
substituted or unsubstituted alkoxy group, or a substituted or 
unsubstituted C7 to C20 aralkyl groups. 

Examples of the alkyl group having secondary or tertiary 
10 carbon atom linked to the oxygen atom of phenol include isopropyl , 
tert-butyl and sec-butyl groups. 

Examples of the protective group of the hydroxyl group 
selected from CI to C2 alkyl groups substituted with the 
substituted or unsubstituted alkoxy group include methoxymethyl , 
15 ethoxyethyl, methoxyethoxymethyl trimethylsilylethoxymethyl 
or 1 -ethoxyethyl group. 

Examples of the substituted or unsubstituted C7 to C20 
aralkyl groups include those as described above. Examples of 
the preferable protective group include the protective group 
20 of the hydroxyl group, as shown by G 11 , selected from alkyl groups 
having the secondary or tertiary carbon atom linked to the oxygen 
atom of phenol, and CI to C2 alkyl groups substituted with a 
substituted or unsubstituted alkoxy group, and examples of the 
more preferable protective group include methoxymethyl, 
25 ethoxyethyl, methoxyethoxymethyl, trimethylsilylethoxymethyl 
or 1 -ethoxyethyl group that is a protective group of the hydroxyl 
group selected from CI to C2 alkyl groups substituted with 
substituted or unsubstituted alkoxy group. 

In G 21 , G 22 , G 23 , G 23 ' and G 26 of G 2 , the 15th group of the 



periodic table represented by A 1 is preferably a nitrogen atom, 
and the 16th group of the periodic table represented by A 2 in 
G 24 and G 24 is preferably an oxygen atom. 

Examples of the compound in which G 1 represents a hydrogen 
atom in formula (1) include the compounds of formulae 21A, 22A, 
23A, 24A, 25A and 26A. Examples of the compound representing 
G 11 in which G 1 represents a group other than hydrogen include 
the compounds of formulae 21B, 22B, 23B, 24B and 25B. 

The compound of formula (21A) can be produced by reacting 
the compound of formula ( 2 IB ) with the organic compound of formula 
21F. 

The compound of formula (21A) can be obtained by reacting 
the compound of formula ( 2 IB ) with an acid , wherein the compound 
of formula (21B) is a protective group of the hydroxyl group 
selected from alkyl groups having a secondary or tertiary carbon 
atom linked to the oxygen atom of phenol, and CI to C2 alkyl 
groups substituted with a substituted or unsubstituted alkoxy 
group. Examples of the production method of the compounds of 
formulae (21B) and (21A), in which G 11 is the protective group 
of the hydroxyl group selected from alkyl groups having a 
secondary or tertiary carbon atom linked to the oxygen atom of 
phenol, and CI to C2 alkyl groups substituted with a substituted 
or unsubstituted alkoxy group, will be described below. The 
compound of formula (22A), (23A), (24A) or (25A) may be also 
produced in a similar manner above by a reaction with the 
corresponding compound of formula ( 22B) , (23B), ( 24B) or ( 25B) , 
respectively . 

An example of the acid in this reaction is a Bronsted acid 
(for example, inorganic acids), and detailed examples thereof 
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include halogenated hydrogen such as hydrogen chloride , hydrogen 
bromide and hydrogen iodide, and sulfuric acid, preferably 
hydrogen chloride . The compound of formula (25A) may be obtained 
from the compound of formula (22A) by deprotection with an acid 
5 as a salt of Bronsted acid (for example, salts of inorganic acids 
or halogenated hydrogen) such as phosphine, amine and imine 
salts . 

Hydrogen chloride gas may be used as the hydrogen chloride 
used in the reaction above , or hydrogen chloride may be generated 

10 from an acid chloride and an alcohol in the reaction system. 

The reaction is usually carried out in a solvent inert 
to the reaction. Examples of the solvent available are aprotic 
solvents including aromatic hydrocarbon solvents such as benzene 
or toluene; aliphatic hydrocarbon solvents such as hexane or 

15 heptane; ether solvents such as diethyl ether, tetrahydrof uran 
or 1,4-dioxane; polar solvents such as acetonitrile, 
propionitrile, acetone, diethyl ketone , methyl isobutyl ketone , 
cyclohexanone or ethyl acetate; and halogenated solvents such 
as dichloromethane , dichloroethane , chlorobenzene or 

20 dichlorobenzene. These solvents may be used alone or as amixture 
of at least two of them, and the amount thereof is usually in 
the range of 1 to 200 parts by weight, preferably 3 to 50 parts 
by weight per part by weight of the phosphine compound of formula 
(21B) . 

25 The reaction temperature is usually in the range of -100°C 

or more to the boiling point or less of the solvent, preferably 

about -80 to 100°C. 

The phosphine compound of formula (22A) can be obtained 
by a conventional method for obtaining a product from a reaction 
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mixture, for example by removing the solvent by evaporation. 

The following compounds are the specific examples of the 
phosphine compounds of formula (21A): 
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be produced by reacting the phosphine carbonyl compound of 
formula (21C) with the organic compound of formula (21F). 

While the reaction molar ratio between the phosphine 
carbonyl compound of formula 21C and the organic compound of 
10 formula (2 IF) is not particularly restricted, the ratio is 
preferably in the range of 1:0.1 to 1:10, more preferably in 
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the range of 1:0.5 to 1:5. 

The reaction is usually performed in an inert solvent . 
Examples of these solvents include, for examaple, aprotic 
solvents including aromatic hydrocarbon solvents such as benzene 
5 or toluene; aliphatic hydrocarbon solvents such as hexane or 
heptane; ether solvents such as diethyl ether, tetrahydrof uran 
or 1,4-dioxane; polar solvents such as acetonitrile, 
propionitrile, acetone, diethyl ketone # methyl isopropyl ketone , 
cyclohexanone or ethyl acetate; and hydrogenated solvents such 

10 as dichloromethane , dichloroethane , chlorobenzene or 

dichlorobenzene; and protonic solvents such as methanol , ethanol, 
isopropanol or butanol. These solvents may be used alone or 
as a mixture of at least two of them. The amount of these solvents 
is usually 1 to 200 parts by weight, preferably 3 to 50 parts 

15 by weight , per part by weight of the carbonyl compound of formula 
(7) . 

The reaction temperature is usually in the range of from 
-100°C or more to the boiling point or below of the solvent, 
preferably about -80 to 100°C. The phosphine compound of formula 
20 (21C), wherein G 1 in the formula denotes a hydrogen atom can 
be obtained from the reaction mixture by a conventional method, 
for example, by removing the solvent by evaporation. Specific 
examples of the phosphine carbonyl compound of formula (21C) 
include, for example, the following compounds: 
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5 Specific examples of the organic compound of formula ( 2 IF) 

include methylamine , ethylamine, propylamine, butylamine, 
isobutylamine , tert -butylamine , pentylamine , hexylamine , 
aniline , 2 -methylaniline , 4 -methylaniline , 
2 , 6 -dimethylaniline , 2 , 6 -diisopropylaniline , 
10 pentaf luoroaniline , aminopiperidine , aminopyrrole and the like . 
Specific examples of the carbonyl compound of formula (21C) 
include the following compounds: 
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MeO 
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by the following reaction route: 
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In the scheme, R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 21 and G 11 
have the same meanings as described above, and R 93 denotes a 
substituted or unsubstituted alkyl or aralkyl group, or a cyclic 
alkylene group by linking together. 

In the compound of formula (22A), which corresponds to 
the compound of formula (1), wherein G 1 has the structure of 
G 22 , and A 1 is P, can be produced by deprotecting the compound 
of formula (22B) wherein A 1 is P, in a similar manner as the 
compound wherein A 1 is N as explained above. The compound of 
formula (22B) wherein A 1 is P , can be synthesized from the compound 
of formula (22E) wherein which A 1 is P, in a similar manner as 
the compound wherein A 1 is N. The compound of formula (22E) 
wherein A 1 is P , can be synthesized from a phosphine- substituted 
halogenated aryl as a precursor, for example, by reacting 
1- (a-chloromethyl) -2-bromobenzene with a mono- substituted 
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phosphine in the presence of a base as described in Journal of 
Praktische Chemie (Leipzig), vol. 330, p674, 1988. 



Specific examples of the compound of formula (22A) , which 
corresponds to the compounds of formula (1) wherein G 1 has the 
structure of G 22 include, for example, the following compounds: 
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Specific examples of the compound of formula (22B) , which 
corresponds to the compound of formula ( 1 ) wherein G 2 is G 22 include , 
for example, the following compounds: 
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The phosphine compound of formula ( 22B) can be synthesized 
by reacting phosphine dihalide of formula (22C) with the metal 
5 aryl compound of formula (22D). 

The molar ratio between the phosphine dihalide of formula 
(22B) and the metal aryl compound of formula (22C) is not 
particularly restricted, the ratio is preferably in the range 
of 1:2 to 1:5, more preferably in the range of 1:2 to 1:2.5. 
10 Specific examples of the halogen atom represented by X 2 

include fluorine, chlorine, bromine and iodine atoms, and the 
chlorine atom is preferable. 

Specific examples of the alkali metal and the alkaline 
earth metal represented by D in formula (22D) include lithium, 
15 sodium, potassium, magnesium and calcium atoms, and lithium and 
magnesium atoms are preferable. 

While the reaction is usually carried out in a solvent 
inert to the reaction, examples of the solvent include aromatic 
hydrocarbon solvents such as benzene, toluene or the like, 
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aliphatic hydrocarbon solvents such as hexane, heptane or the 

like, and ether solvents such as diethyl ether, tetrahydrof uran 

or the like. These solvents may be used alone or as a mixture 

of at least two of them, and the ratio of use thereof is usually 
5 in the range of 1 to 200 parts by weight, preferably in the range 

of 3 to 50 parts by weight, per part by weight of the metal aryl 

compound of formula (22D). 

The reaction can be usually performed by adding phosphine 

dihalide of formula (22C) to the metal aryl compound of formula 
10 (22D) . The reaction temperature is usually in the range of from 

-100°C or more to the boiling temperature of the solvent or less, 

preferably in the range of -80°C to 100°C. 

The phosphine compound of formula (22B) can be obtained 

by removing insolubles by a conventional method such as 
15 filtration, and by removing the solvent by evaporation. The 

product is purified by silica gel column chromatography, if 

necessary. 

Phosphine dihalide of formula (22C) is produced by a 
reaction between trihalogenated phosphorous of formula: 
20 P(X 2 ) 3 (X 2 represents a halogen atom) and a metal aryl 

compound . 

For example, phosphine dihalide may be produced by a 
reaction between the metal aryl compound of formula (22E) and 
phosphorous trihalide . 
25 The molar ratio between the metal aryl compound of formula 

(22E) and phosphorous trihalide that may be used in the reation 
is not particularly restricted, and it is preferably in the range 
of 1:1 to 1:5, more preferably in the range of 1:1 to 1:2.5. 

The reaction is usually performed in a solvent inert to 
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the reaction. Examples of the solvent include aromatic 
hydrocarbon solvents such as benzene, toluene or the like, 
aliphatic hydrocarbon solvents such as hexane, heptane or the 
like, and ether solvents such as diethyl ether, tetrahydrof uran 
5 or the like. These solvents may be used alone or as a mixture 
of at least two of them, and the ratio thereof that may be used 
is usually in the range of 1 to 200 parts by weight, preferably 
in the range of 3 to 50 parts by weight, per part by weight of 
the metal aryl compound of formula (22E). 

10 The react ion can be usually performed by adding phosphorous 

trihalide to the metal aryl compound of formula (22E). The 
reaction temperature is usually in the range from -100°C or more 
to the boiling point or less of the solvent, more preferably 
in the range of -80°C to 100°C. 

15 The phosphine dihalide of formula 22C can be obtained from 

the reaction mixture obtained by a conventional method, for 
example by removing insoluble products by filtration followed 
by removing the solvent by evaporation. The product may be 
purified by distillation, if necessary. 

20 The metal aryl compound of formula (22D) can be produced 

by reacting an organic compound of formula (22F): 




(22F) 



wherein R 1 , R 2 , R 3 , R 4 and G 11 each denotes the same meaning as 
described above, and X represents a hydrogen atom or a halogen 
25 atom, with a lithiating agent when X is hydrogen, or with the 
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lithiating agent or magnesium metal, when X is a halogen atom. 
The molar ratio between the organic compound of formula (22F) 
and the lithiating agent or magnesium metal that may be used 
in the reaction is not particularly restricted, and it is 
5 preferably in the range of 1:1 to 1:5, more preferably in the 
range of 1:1 to 1:2.5. Examples of the lithiating agent include 
methyl lithium, n-butyl lithium, s-butyl lithium, t-butyl 
lithium and phenyl lithium, and preferred is n-butyl lithium. 

The reaction is usually performed in a solvent inert to 

10 the reaction. Examples of the solvent include aromatic 

hydrocarbon solvents such as benzene, toluene or the like, 
aliphatic hydrocarbon solvents such as hexane, heptane or the 
like, and ether solvents such as diethyl ether, tetrahydrof uran 
or the like. These solvents may be used alone or as a mixture 

15 of at least two of them, and the ratio thereof is usually in 
the range of 1 to 200 parts by weight, preferably in the range 
of 3 to 50 parts by weight, per part by weight of the organic 
compound of formula (22F) . The reaction can be usually performed 
by adding the lithiating agent to organic compound of formula 

20 (22F). The reaction temperature is usually in the range from 
-100°C or more to the boiling point or less of the solvent, more 
preferably in the range of -80°C to 100°C. 

Specific examples of phosphine dihalide of formula (22C) 
include, for example, the following compounds and those that 

25 have bromine or iodine atom in place of the chlorine atom in 
the illustrated compounds : 
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Specific examples of the metal aryl compound of formula 
(22D) include, for example, the following compounds: 
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Ph OMe 

5 Specific examples of the metal aryl compound of formula 

(22E) include, for example, the following compounds: 



84 




85 




86 





87 




88 




OMe 
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OMe 
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The compound in which A 1 is P in the compound of formula 
( 22A) can be synthesized by deprotection the compound of formula 
(23B) wherein A 1 is P as in the compound in which A 1 is N. The 
compound of formula (23B) wherein A 1 is P can be synthesized 
5 by using the compound of formula (22E) wherein A 1 is Pas a starting 
material. An excess amount of an alkali metal reagent may be 
used in the coupling reaction by suitably adjusting, if 
necessary. 

The halogenated aryl compound as a precursor of the 
10 compound in which A 1 is P in formula 22E may be synthesized by 
a known method described (for example, Zeitschrift fuer 
Anorganische Chemie, vol. 494, p55, 1892), for example by 
activating 1- (a-bromomethyl ) -2-bromobenzene with an alkali 
metal, followed by reacting a chlorophosphine compound. 
15 Examples of the compound of formula 23A, which corresponds to 
the compounds of formula (1) wherein G 1 has the structure of 
G 23 will be shown below: 
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Specific examples of haudrogen halide acid salts of the 
compound of formula (23A) include, for example, the following 
compounds : 
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Specific examples of the phosphine compound of formula 
( 1 ) wherein G 1 is G 23 , which corresponds to the compound of formula 
(23B) include, for example, the following compounds: 
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The phosphine compound of formula (23B) where A 1 denotes 
a nitrogen atom can be produced by reducing the compound of 
5 formula (23C) . The reducing reaction can be performed by using 
a metal hydride compound such as sodium borohydride, lithium 
aluminum hydride or the like, or hydrogen and the like. 

The molar ratio between the compound of formula (23C) and 
metal hydride compound or hydrogen that may be used in the reaction 
10 is not particularly restricted, and it is preferably in the range 
of 1:0.1 to 1:10, more preferably in the range of 1:0.5 to 1:5. 

The reaction is usually performed in an organic solvent. 
Examples of the solvent include aprotic solvents including 
aromatic hydrocarbon solvents such as benzene, toluene or the 
15 like; aliphatic hydrocarbon solvents such as hexane, heptane 
or the like; ether solvents such as diethyl ether, 
tetrahydrofuran or the like; and halogenated solvents such as 
dichloromethane , dichloroethane , chlorobenzene , 
dichlorobenzene or the like; and protonic solvents such as 



methanol, ethanol, isopropanol, butanol or the like. These 
solvents may be used alone or as a mixture of at least two of 
them, and the ratio thereof is usually in the range of 1 to 200 
parts by weight, preferably in the range of 3 to 50 parts by 
weight, per part by weight of the triaryl compound of formula 
(23C) . 

The reaction can be usually performed by adding the metal 
hydride compound or hydrogen to the compound of formula (23C) . 
The reaction temperature is usually in the range from -100°C 
or more to the boiling point of the solvent or the less, more 
preferably in the range of -80°C to 100°C. 

The phosphine compound of formula (23B) may be obtained 
from the reaction mixture obtained by removing the solvent by 
evaporation. Or, the compound may be purified by silica gel 
chromatography, if necessary. 

Examples of the compound of formula (23C) include the 
following compounds: 
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Examples of the phosphine compound of f orumula ( 1 ) wherein 
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G 2 is G 24 , or the compound of formula (24B) , include, for example, 
the following compounds: 
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The phosphine compound of formula (24B) is produced by 
reacting the phosphine compound of formula (24C) with a metal 
hydride compound or the organic metal compound of formula ( 24D) , 
10 R 16 -Y, wherein R 16 and Y are as described above. 

The molar ratio between the phosphine compound of formula 
( 2 4C ) and the metal hydride compound or the organic metal compound 
organic metal compound of formula (24D) in the reaction is not 
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particularly restricted, and the ratio is preferably in the range 
of 1:0.1 to 1:10, more preferably in the range of 1:0.5 to 1:5. 

Examples of the metal hydride compound in the reaction 
above include, for example, sodium borohydride, potassium 
5 borohydride, zinc borohydride, sodium cyanoborohydride , sodium 
triethylborohydride , lithium aluminum hydride, diisobutyl 
aluminum hydride , tri( tert-butoxy) lithium aluminum hydride and 
the like . 

Examples of the organic metal compound of formula (24D) 
10 include, for example, organic alkali metal compounds including 
organic lithium compounds such as methyl lithium, ethyl lithium, 
n-butyl lithium, sec-butyl lithium, tert -butyl lithium, lithium 
trimethylsilyl acetylide, lithium acetylide, 

trimethylsilylmethyl lithium, vinyl lithium, phenyl lithium and 
15 allyl lithium; and organic alkaline earth metal halide such as 
organic magnesium halide including methylbromo magnesium, 
ethylbromo magnesium, phenylbromo magnesium, tolylbromo 
magnesium, benzylbromo magnesium or the like. 

The reaction above is usually performed in an organic 
20 solvent. Examples of the solvent include, for example, aprotic 
solvents including aromatic hydrocarbon solvents such as benzene 
toluene or the like; aliphatic hydrocarbon solvents such as 
hexane , heptane or the like ; ether solvents such as diethyl ether , 
tetrahydrof uran, 1,4-dioxane or the like; amide solvents such 
25 as hexamethyl phosphoric amide, dimethylf ormamide or the like; 
polar solvents such as acetonitrile, propionitrile , acetone, 
diethyl ketone, methyl isobutyl ketone, cyclohexanone or the 
like; and halogenated solvents such as dichloromethane, 
dichloroethane, chlorobenzene , dichlorobenzene or the like; and 
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protonic solvents such as methanol, ethanol, isopropanol, 
butanol or the like. These solvents may be used alone or as 
amixeture of at least two of them. The amount thereof is usually 
1 to 200 parts by weight, preferably 3 to 50 parts by weight, 
5 per part by weight of the phosphine compound of formula (24C) . 

The reaction temperature is usually in the range of from 
-100°C or more to the boiling point or less of the solvent, more 
preferably in the range of -80°C to 100°C. 

After the reaction, the phosphine compound of formula (24B) 
10 can be obtained from the reaction mixture by a conventional method , 
such as removing the solvent by evaporation. The reaction 
product can be purified by silica gel chromatography, if 
necessary. 

Examples of the compound of formula (24C) include, for 
15 example, the following compounds: 
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Examples of the compound of formula (1) wherein G 2 in is 
G 25 , which corresponds to the compound of formula (25A) include, 
for example, the following compounds: 
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Examples of the compound of formula (1) wherein G 2 
represents G 25 , which corresponds to the compound of formula 
(25B) include, for example, the following compounds: 
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5 The phosphine compound of formula (25B) can be produced 

by reacting the phosphine halide compound of formula (25C) with 
the metal aryl compound of formula (25D) . The molar ratio between 
the phosphine halide compound of formula (25C) and the metal 
aryl compound of formula (25D) is not particularly restricted, 

10 and the ratio is preferably in the range of 1:0.1 to 1:10, more 
preferably 1:0.5 to 1:5. 

Specific examples of the halogen atom represented by X 2 
in the compound of formula (25C) or (25D) include fluorine, 
chlorine, bromine and iodine atoms. Chlorine atom is preferred. 

15 Specific examples of the alkali metal represented by D 
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in the metal aryl compound include lithium, sodium and potassium 
atoms, and lithium atom is preferable among them. Specific 
examples of the alkaline earth metal represented by J include 
magnesium and calcium atoms, and magnesium atom is preferable. 
5 The reaction above is usually performed in a solvent inert 

to the reaction. Examples of the solvent include, for example, 
aprotic solvents including aromatic hydrocarbon solvents such 
as benzene and toluene; aliphatic hydrocarbon solvents such as 
hexane , heptane or the like ; ether solvents such as diethyl ether , 

10 tetrahydrofuran, 1,4-dioxane or the like; polar solvents such 
as acetonitrile, acetone, diethyl ketone , methyl isobutyl ketone , 
cyclohexanone , ethyl acetate or the like; and halogenated 
solvents such as dichloromethane , dichloroethane, 
chlorobenzene , dichlorobenzene or the like; and protonic 

15 solvents such as methanol , ethanol, isopropanol, butanol or the 
like. These solvents may be used alone or as a mixture of at 
least two of them. The amount thereof is usually 1 to 200 parts 
by weight , preferably 3 to 50 parts by weight , per part by weight 
of the metal aryl compound of formula ( 6 ) . 

20 The reaction temperature is usually in the range of from 

-100°C or more to the boiling point or less of the solvent, more 
preferably in the range of -80°C to 100°C. 

The phosphine compound of formula ( 3 ) can be obtained from 
the reaction mixture by a conventional method such as removing 

25 the solvent by evaporation . The reaction product can be purified 
by recrystallization and silica gel chromatography, if 
necessary. 

The phosphine compound of formula (25B) can be produced 
by reacting phosphine dihalide of formula (25E) with the metal 
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aryl compound of formula (25F). 

The molar ratio between phosphine dihalide of formula ( 25E ) 
and the metal aryl compound of formula (25F) is not particularly 
limited, and it preferably in the range of 1:0.1 to 1:10, more 
5 preferably in the range of 1:1.5 to 1:5. 

Specific examples of the halogen atom represented by X 2 
in the compound of formula (25E) or (25F) include fluorine, 
chlorine, bromine and iodine atoms, and chlorine atom is 
preferable . 

10 The reaction above is usually performed in a solvent inert 

to the reaction. Examples of the solvent include aprotic 
solvents including aromatic hydrocarbon solvents such as benzene , 
toluene or the like; aliphatic hydrocarbon solvents such as 
hexane , heptane or the like ; ether solvents such as diethyl ether , 

15 tetrahydrofuran, 1,4-dioxane or the like; polar solvents such 
as acetonitrile, propionitrile , acetone, diethyl ketone , methyl 
isobutyl ketone, cyclohexanone , ethyl acetate or the like; and 
halogenated solvents such as dichloromethane , dichloroethane, 
chlorobenzene, dichlorobenzene or the like; and protonic 

20 solvents such as methanol, ethanol, isopropyl alcohol, butanol 
or the like. These solvents may be used alone or as a mixture 
of at least two of them. The amount thereof is usually 1 to 
200 parts by weight, preferably 3 to 50 parts by weight, per 
part by weight of the metal aryl compound of formula (25F). 

25 The reaction temperature is usually in the range of from 

-100°C or more to the boiling point or less of the solvent, more 
preferably in the range of -80°C to 100°C. 

The phosphine compound of formula (25E) can be obtained 
from the reaction mixture by a conventional method such as 
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removing the solvent by evaporation. The reaction product can 
be purified by silica gel chromatography, if necessary. 

The metal aryl compound of formula (25D) can be produced 
by reacting a fluorine-containing compound of formula (25G): 



wherein R 5 , R 6 , R 7 , R 8 , R 17 and R 18 , and X and m are as described 
above, with, for example, a lithiating agent or magnesium metal . 

The molar ratio between the metal aryl compound of formula 
(25G) and the lithiating agent or magnesium metal is not 
particularly restricted, and it is preferably in the range of 
1:0.1 to 1:5, more preferably in the range of 1:0.5 to 1:2.5. 

Examples of the lithiating agent include methyl lithium, 
n- butyl lithium, s- butyl lithium, t- butyl lithium, phenyl 
lithium and the like, and n-butyl lithium is preferable. 

Specific examples of the halogen represented by X in the 
fluorine-containing compound of formula (25G) include fluorine , 
chlorine, bromine and iodine atoms, preferably chlorine atom. 

The reaction above is usually performed in a solvent inert 
to the reaction. Examples of the solvent include aromatic 
hydrocarbon solvents such as benzene, toluene or the like; 
aliphatic hydrocarbon solvents such as hexane, heptane or the 
like; and ether solvents such as diethyl ether, tetrahydrof uran 
or the like. These solvents may be used alone or as a mixture 
of at least two of them. The amount thereof is usually 1 to 




>6 



(25G) 



FT 
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200 parts by weight, preferably 3 to 50 parts by weight, per 
part by weight of the fluorine -containing compound of formula 
(25G) . 

The reaction can be performed by adding, for example, the 
5 lithiating agent or magnesium metal to the fluorine-containing 
compound of formula (25G) . The reaction temperature is usually 
in the range of from -100 P C or more to the boiling point or less 
of the solvent, and preferably in the range of -100°C to 100°C. 

The phosphine dihalide of formula (25E) can be produced 

10 by reacting the phosphine dihalide represented byP(X 2 ) 3 , wherein 
X 2 represents a halogen atom, with the metal aryl compound of 
formula (25D). The molar ratio between the phosphine halide 
and the metal aryl compound of formula (25D) is not particularly 
restricted, and the ratio is preferably in the range of 1:0.1 

15 to 1:5, more preferably in the range of 1:0.5 to 1:2. 

The reaction above is usually performed in a solvent inert 
to the reaction. Examples of the solvent include aromatic 
hydrocarbon solvents such as benzene, toluene or the like; 
aliphatic hydrocarbon solvents such as hexane, heptane or the 

20 like; and ether solvents such as diethyl ether, tetrahydrof uran 
or the like. These solvents may be used alone or as a mixture 
at least two of them. The amount thereof is usually 1 to 200 
parts by weight, preferably 3 to 50 parts by weight, per part 
by weight of the metal aryl compound of formula (25D). 

25 The reaction can be performed by adding, for example, 

phosphine trihalide to the metal aryl compound of formula (25D) . 
The reaction temperature is usually in the range of from -100°C 
or more to the boiling point or less of the solvent , more preferably 
in the range of -80°C to 100°C. 
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Phosphine dihalide of formula (25E) is obtained, for 
example, by removing insolubles by filtration followed by 
removing the solvent by evaporation . The product can be purified 
by, for example, distillation, if necessary. 
5 Examples of the metal aryl compound of formula (25F) 

include, for example, the following compounds: 
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Examples of the phosphine dihalide of formula (25E) include, 
for example, the following compounds: 
5 2-f luorophenyl dichlorophosphine , 2 , 6-dif luorophenyl 

dichlorophosphine , 2,4,6- tr if luorophenyl dichlorophosphine , 
pent af luorophenyl dichlorophosphine , 2-f luoro - 6 -methyl 
dichlorophosphine , 2 - f luoro - 6 - t er t - butylphenyl 
dichlorophosphine , 2 - f luoro -4,6- dime thy lhenyl 
10 dichlorophosphine, 2-f luoro-4 , 6-di( ter t -butyl) phenyl 

dichlorophosphine , 2 - f luoro - 4 -methyl - 6 - t er t - butylphenyl 
dichlorophosphine, 2-f luoro-5-phenylphenyl dichlorophosphine, 
2 - f luoro - 4 -phenylphenyl dichlorophosphine , 
2-f luoro- 6 -phenylphenyl dichlorophosphine , 
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2 


-f luoro - 


5 


-benzylphenyl dichlorophosphine, 


2 


-f luoro - 


4 


-benzylphenyl dichlorophosphine, 


2 


-f luoro- 


6 


-benzylphenyl dichlorophosphine , 


2 


-f luoro - 


5 


-phenoxyphenyl dichlorophosphine , 


2 


-f luoro - 


4 


-phenoxyphenyl dichlorophosphine , 


2 


-f luoro- 


6 


-phenoxyphenyl dichlorophosphine , 


2 


-f luoro- 


5 


-methoxyphenyl dichlorophosphine , 


2 


-f luoro- 


4 


-methoxyphenyl dichlorophosphine , 


2 


-f luoro- 


6 


-methoxyphenyl dichlorophosphine , 


2 


-f luoro- 


5 


- trimethylsilylphenyl dichlorophosphine , 


2 


-fluoro- 


4 


- 1 r ime t ny l s iiy lpneny i aicmoropnospnine , 


2 


-f luoro - 


6 


-trimethylsilylphenyl dichlorophosphine. 


2 


-f luoro - 


5 


- dimethylaminophenyl dichlorophosphine , 


2 


-f luoro - 


4 


-dime thy laminophenyl dichlorophosphine , 


2 


-f luoro - 


6 


-dimethylaminophenyl dichlorophosphine , 



2-f luorophenyl dibromophosphine . 2 , 6-dif luorophenyl 
dibromophosphine , 2 , 4 , 6 - tr if luorphenyl dibromophosphine , 
pent af luorophenyl dibromophosphine , 2-f luoro - 6 -methylphenyl 
dibromophosphine , 2 - f luoro - 6 - t ert - butylphenyl 
dibromophosphine , 2 - f luoro - 4 , 6 - di ( t er t - butyl ) phenyl 
dibromophosphine , 2 - f luoro - 4 -methyl - 6 - ter t - butylphenyl 
dibromophosphine , 2 - f luoro - 5 -phenylphenyl dibromophosphine , 
2 - f luoro - 4 -phenylphenyl dibromophosphine , 
2 - f luoro - 6 - phenylphenyl dibromopho sphine , 
2 - f luoro- 5 -benzylphenyl dibromophosphine , 
2-f luoro- 4 -benzylphenyl dibromophosphine , 
2-f luoro -6 -benzylphenyl dibromophosphine, 
2-f luoro— 5 -phenoxyphenyl dibromophosphine , 
2-f luoro— 4-phenoxypheny dibromophosphine , 
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2-f luoro- 6-phenoxypheny dibromophosphine , 

2 - f luoro - 5 -me thoxyphenyl dibromophosphine , 

2 - f luoro - 4 -methoxyphenyl dibromophosphine , 

2 - f luoro - 6 -methoxyphenyl dibromophosphine , 

2 - f luoro - 5 - 1 r ime thyls ilylphenyl dibromophosphine , 

2 -f luoro- 4 - trimethylsilylphenyl dibromophosphine , 

2-f luoro-6-trimethylsilylphenyl dibromophosphine, 

2 - f luoro - 5 - dimethy laminophenyl dibromophosphine , 

2-f luoro- 4 -dime thy laminophenyl dibromophosphine, 

2-f luoro - 6 - dimethy laminophenyl dibromophosphine , 

2 - trif luoromethylphenyl dibromophosphine , 
2 , 6 -bistrif luoromethylphenyl dichlorophosphine , 
2,4,6- tris trif luoromethylphenyl dichlorophosphine , 
2 - trif luorome thy 1 - 6 -methylphenyl dichlorophosphine , 
2 - trif luorome thyl - 6 - t er t - butylphenyl dichlorophosphine 
2 -trif luoromethyl-4 , 6-dimethylphenyl dichlorophosphine 
2 - trif luoromethyl - 4 , 6 - di ( t ert -butyl ) phenyl 
dichlorophosphine , 

2 - trif luoromethyl— 4 -methyl - 6 - t ert - butylphenyl 
dichlorophosphine, 2- trif luorome thy 1-5 -phenylphenyl 
dichlorophosphine , 2 - trif luorome thyl— 4 - phenylphenyl 
dichlorophosphine , 2 - trif luoromethyl— 6 - phenylphenyl 
dichlorophosphine, 2- trif luorome thy 1-5 -benzylphenyl 
dichlorophosphine , 2 - trif luoromethyl-4 - benzylphenyl 
dichlorophosphine, 2 -trif luoromethyl— 6 -benzylphenyl 
dichlorophosphine , 2 - trif luoromethy 1-5 -phenoxyphenyl 
dichlorophosphine 2 -trif luoromethyl-4 -phenoxyphenyl 
dichlorophosphine , 2 -trif luoromethyl— 6 -phenoxyphenyl 
dichlorophosphine , 2 - trif luoromethyl - 5 -methoxyphenyl 
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dichlorophosphine , 2 - trif luoromethyl- 4 -methoxyphenyl 
dichlorophosphine , 2 - trif luoromethyl - 6 -methoxyphenyl 
dichlorophosphine , 2 -trif luoromethyl- 5 - trimetylsilylphenyl 
dichlorophosphine , 2 - trif luoromethyl - 4 - trimetylsilylphenyl 
dichlorophosphine , 2 - trif luoromethyl - 6 - trimetylsilylphenyl 
dichlorophosphine , 2 - trif luoromethyl - 5 - dimethylaminophenyl 
dichlorophosphine , 2 - trif luoromethyl - 4 - dime thylaminophenyl 
dichlorophosphine , 2 - trif luoromethyl - 6 - dimethylaminophenyl 
dichlorophosphine , 

2 - trif luoromethylphenyl dibromophosphine , 
2 , 6 -bis trif luoromethylphenyl dibromophosphine , 
2 , 4 , 6 -tris trif luoromethylphenyl dibromophosphine , 
2 - trif luoromethyl - 6 -methylphenyl dibromophosphine , 
2 - trif luoromethyl - 6 - ter t - butylphenyl dibromophosphine , 
2 -trif luoromethyl -4 , 6-dimethylphenyl dibromosphine, 
2 - trif luoromethyl - 4 , 6 - di ( t er t - butyl ) phenyl dibromopho sphine , 
2 - trif luoromethyl— 4 -methyl - 6 - tert -butylphenyl 
dibromophosphine, 2 - trif luoromethyl- 5 -phenylphenyl 
dibromophosphine , 2 - trif luoromethyl - 4 -phenylphenyl 
dibromoho sphine , 2 - trif luoromethyl - 6 - phenylphenyl 
dibromophosphine, 2 - trif luoromethyl- 5 -benzylphenyl 
dibromophosphine , 2 - trif luoromethyl - 4 -benzylphenyl 
dibromophosphine , 2 -trif luoromethyl- 6 -benzylphenyl 
dibromophosphine , 2 - trif luoromethyl - 5 -phenoxyphenyl 
dibromophosphine , 2 - trif luoromethyl- 4 -phenoxyphenyl 
dibromophosphine , 2 - trif luoromethyl- 6 -phenoxyphenyl 
dibromophosphine , 2 - trif luoromethyl - 5 -methoxyphenyl 
dibromophosphine , 2 - trif luoromethyl- 4 -methoxyphenyl 
dibromophosphine , 2 - trif luoromethyl - 6 -methoxyphenyl 
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dibromohosphine, 2 - trif luoromethyl- 5- trimethylsilylphenyl 
dibromophosphine, 2-trif luoromethyl- 4 -trimethylsilylphenyl 
dibromophosphine , 2 - trif luoromethyl - 6 - trimethylsilylphenyl 
dibromophosphine , 2 - trif luoromethyl - 5 - dime thylaminophenyl 
dibromophosphine, 2- trif luoromethyl- 4- dime thylaminophenyl 
dibromophosphine , and 

2 - trif luoromethyl - 6 - dime thylaminophenyl dibromophosphine . 

Examples of the fluorine-containing compound of formula 
(25G) include, for example, the following compounds: 

2-f luorobromobenzene, 2 , 6-dif luorobromobenzene , 
2 , 4-dif luorobromobenzene , 2 , 3 -dif luorobromobenzene , 
2,4, 6 -trif luorobromobenzene , 2,4, 5 -trif luorobromobenzene , 
2,3,5, 6 -pentaf luorobromobenzene , tetraf luorobromobenzene , 
2 - f luoro - 5 -methylbromobenzene , 
2 -f luoro- 4 -methylbromobenzene , 
2-f luoro -4 , 6-dimethylbromobenzene, 
2-f luoro-4 , 6-di-tert-butylbromobenzene, 
2 - f luoro- 4 -methyl- 6 - tert -butylbromobenzene , 
2 - f luoro - 6 -methyl - 4 - tert - butylbromoben z ene , 
2 - f luoro - 5 - pheny lbr omoben z ene , 
2 - f luoro - 4 - pheny lbromoben zene , 
2-f luoro-4 , 6-diphney lbr omobenz ene, 
2 -f luoro- 5 -benzylbromobenzene , 
2 - f luoro - 4 -benzylbromobenzene , 
2-f luoro-4 , 6-dibenzylbromobenzene, 
2 - f luoro - 5 -me thoxybromobenzene , 
2 - f luoro - 4 -methoxybromobenzene , 
2-f luoro-4 , 6-dimethoxybromobenz ene, 

2 - f luoro - 5 - aminobromobenzene , 2-f luoro - 4 - aminobromobenzene , 
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2-f luoro-4 , 6 - diaminobr omoben z ene , 

2 - f luor o - 5 - ( dimethy lamono ) bromoben z ene , 

2 - f luoro - 4 - ( dime thy lamono ) bromobenzene , 

2-f luoro-4 , 6 -bis (dimethylamino) bromobenzene, 

2 - f luoro- 5 - ( trimethyls ilyl ) bromobenzene , 

2 - f luoro- 4 - ( trimethyls ilyl ) bromobenzene , 

2 - f luoro- 4 , 6 -bis ( trimethylsilyl ) bromobenzene , 

2 - t r if luorome thylbromobenzene , 
2 , 6 -bis ( trif luoromethyl ) bromobenzene , 
2,4- bis ( trif luoromethyl ) bromobenzene , 
2 , 3 -bis ( trif luoromethyl ) bromobenzene , 
2,4,6 - tris ( trif luoromethyl ) bromobenzene , 
2,4,5- tris ( trif luoromethyl ) bromobenzene , 
2 -trif luoromethyl- 5 - me thylbromobenzene , 
2 - trif luoromethyl - 4 -methylbromobenzene , 
2 - trif luoromethyl -4,6- dimethylbromobenzene , 
2 - trif luoromethyl - 4 , 6 - di - tert -butylbromobenzene , 
2 - trif luoromethyl- 4 -methyl- 6 - tert -butylbromobenzene 
2 - trif luoromethyl - 6 -methyl - 4 - tert -butylbromobenzene 
2 - trif luoromethyl- 5 -phenylbromobenzene , 
2 - trif luoromethyl - 4 -phenylbromobenzene , 
2 - trif luor omethyl -4,6- dipheny lbr omobenzene , 
2 - trif luoromethyl - 5 -benzylbromobenzene , 
2 - trif luoromethyl- 4 -benzylbromobenzene , 
2 - trif luoromethyl- 4 , 6 - dibenzylbromobenzene , 
2 - trif luoromethyl - 5 -methoxybromobenzene , 
2 -trif luoromethyl -4 -methoxybromobenzene, 
2 -trif luoromethyl- 4 , 6 -dimethoxybromobenzene , 
2 - trif luorome thyl - 5 - aminobromobenzene , 
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2 - tr if luorome thyl - 4 - aminobromobenzene , 

2 - trif luoromehtyl- 4 , 6 -diaminobromobenzene , 

2 - trif luoromethyl - 5 - ( dimethylamino ) bromobenzene , 

2 - trif luoromehtyl - 4 - ( dimethylamino ) bromobenzene , 

2 - trif luoromethyl - 4 , 6 -bis ( dimethylamino ) bromobenzene , 

2 - trif luoromethyl - 5 - ( tr imethylsily ) bromobenz ene , 

2 - trif luoromethyl - 4 - ( t rimethyls ilyl ) bromobenzene , 

2 -trif luoromethyl -4 , 6 -bis ( trimethylsilyl ) bromobenzene , 

2-f luorochlorobenzene, 2 , 6-dif luorochlorobenzene , 
2 , 4 -dif luorochlorobenzene , 2 , 3 -dif luorochlorobenzene , 
2,4,6 - trif luorochlorobenzene , 2,4,5- trif luorochlorobenzene , 
2,3,5, 6 -pentaf luorochlorobenzene , tetraf luorochlorobenzene , 
2 - f luoro - 5 -methylchlorobenzene , 
2 - f luoro - 4 -methylchlorobenzene , 
2-f luoro-4 , 6-dimethylchlorobenzene, 
2 - f luoro - 4 , 6 - di - t ert -butylchlorobenzene , 
2 - f luoro - 4 -methyl - 6 - ter t - butylchlorobenzene , 
2 -f luoro- 6 -methyl- 4 - tert -butylchlorobenzene , 
2 - f luoro - 5 - phenylchlorobenzene , 
2 -f luoro- 4 -phenylchlorobenzene , 
2 - f luoro -4,6- dipheny lchloroben z ene , 
2 -f luoro- 5 -benzylchlorobenzene , 
2 - f luoro - 4 - benzylchlorobenzene , 
2-f luoro-4 , 6-dibenzylchlorobenzene, 
2 - f luoro - 5 -methoxychlorobenzene , 
2-f luoro-4-methoxychlorobenzene, 
2-f luoro-4 , 6-dimethoxychlorobenzene, 
2 -f luoro- 5-aminochlorobenzene , 
2-f luoro-4 - aminochlorobenzene , 
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2-f luoro-4 , 6-diaminochlorobenzene , 

2 - f luoro - 5 - ( dime thylamino ) chlorobenzene , 

2-f luoro-4- ( dimethylamino ) chlorobenzene, 

2-f luoro-4 , 6 -bis (dimethylamino) chlorobenzene, 

2 - f luoro - 5 - ( trimethylsilyl ) chlorobenzene , 

2 - f luoro - 4 - ( trimethylsilyl ) chlorobenzene , 

2-f luoro-4 , 6-bis( trimethylsilyl) chlorobenzene, 

2 - trif luoromethylchlorobenzene , 
2 , 6 -bis ( trif luoromethyl ) chlorobenzene , 
2 , 4 -bis ( trif luoromethyl ) chlorobenzene , 
2 , 3 -bis ( trif luoromethyl ) chlorobenzene , 
2,4,6- tris ( trif luoromethyl ) chlorobenzene , 
2,4,5- tris ( trif luoromethyl ) chlorobenzene , 
2 - trif luoromethyl - 5 -methylchlorobenzene , 
2 - trif luoromethyl- 4 -methylchlorobenzene , 
2 - trif luoromethyl -4,6- dime thylchlorobenzene , 
2 - trif luoromethyl- 4 , 6 - di- tert - buty lchlor obenz ene , 
2 - trif luoromethyl - 4 -methyl - 6 - tert - butylchlorobenzene , 
2 - trif luoromethyl- 6 -methyl - 4 - tert -butylchlorobenzene , 
2 -trif luoromethyl- 5 -phenylchlorobenzene , 
2 - trif luoromethyl - 4 -phenylchlorobenzene , 
2 - trif luoromethyl -4,6- diphenylchlorobenzene , 
2 -trif luoromethyl -5 -benzylchlorobenzene , 
2 -trif luoromethyl- 4 -benzylchlorobenzene , 
2 - trif luoromethyl -4,6- dibenzylchlorobenzene , 
2 - trif luoromethyl - 5 -me thoxychlorobenzene , 
2 - trif luoromethyl- 4 -methoxychlorobenzene , 
2 -trif luoromethyl -4 , 6-dimethoxychlorobenzene , 
2- trif luoromethyl- 5 -aminochlorobenzene , 
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2 - trif luoromethyl - 4 - aminochlorobenzene , 

2 -trif luoromethyl -4 , 6-diaminochlorobenzene , 

2 - trif luoromethyl - 5 - ( dime thylamino ) chlorobenz ene , 

2 -trif luoromethyl- 4 - ( diaminomethyl ) chlorobenz ene , 

2 -trif luoromethyl- 4 , 6 -bis ( dimethylamino ) chlorobenzene , 

2 - trif luoromethyl - 5 - ( tr ime thylsilyl ) chlorobenzene , 

2 - trif luoromethyl- 4 - ( trimethylsilyl ) chlorobenzene , and 

2 - trif luoromethyl -4,6 -bis ( trimethylsilyl ) chlorobenzene . 

Examples of the compound of formula (1) wherein G 2 is G 
which corresponds to the compound of formula (26A) include, t 
following compounds: 
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Examples of the compound of formula (1) wherein G 2 in 
formula 1 is G 26 , which corresponds to the compound of formula 
(26B) include, for example, the following compounds: 
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The phosphine compound of formula (26B) can be produced 
by reacting phosphine dihalide of formula (26C) with the metal 
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aryl compound of formula (26D). 

The molar ratio between phosphine dihalide of formula ( 2 6C ) 
and the metal aryl compound of formula ( 26D) is not particularly 
restricted, and it is preferably in the range of 1:0.5 to 1:5, 
5 more preferably 1:1 to 1:2.5. 

Preferable examples of the halogen atom represented by 
X 2 in formula ( 26C) or ( 26D) include chlorine, bromine and iodine 
atoms, and the chlorine atom is preferable. 

Specific examples of the alkali metal and alkaline earth 
10 metal represented by D in formula (26D) include lithium, sodium, 
potassium, magnesium and calcium atoms, and the lithium and 
magnesium atoms are preferable. 

The reaction above is usually performed in a solvent inert 
to the reaction. Examples of the solvent include aromatic 
15 hydrocarbon solvents such as benzene, toluene or the like; 
aliphatic hydrocarbon solvents such as hexane, heptane or the 
like; and ether solvents such as diethyl ether, tetrahydrof uran 
or the like. These solvents may be used alone or as a mixture 
of at least two of them. The amount thereof is usually 1 to 
20 200 parts by weight, preferably 3 to 50 parts by weight, per 
part by weight of the metal aryl compound of formula (25D). 

The reaction can be performed by adding, for example, 
phosphine dihalide of formula (26C) to the metal aryl compound 
of formula (26D). The reaction temperature is usually in the 
25 range of from -100°C or more to the boiling point or less of 
the solvent, more preferably in the range of -80°C to 100°C. 

Te phosphine compound of formula (26B) is obtained, for 
example, by removing insolubles by filtration followed by 
removing the solvent by evaporation . The product can be purified 
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by silica gel column chromatography, if necessary. 

The phosphine compound of formula (26B) can be produced 
by reacting phosphine halide of formula (26E) with the aryl 
compound of formula (26F). 

The molar ratio between phosphine halide of formula (26E) 
and the aryl compound of formula (26F) in the reaction is not 
particularly restricted, and the ratio is preferably in the range 
of 1:0.1 to 1:5, more preferably 1:0.5 to 1:2. 

Specific examples of the halogen atom represented by X 2 
in formula (26E) or (26F) Include fluorine, chlorine, bromine 
and iodine atoms, and the chlorine atom is preferable. 

Specific examples of the alkali metal and alkaline earth 
metal represented by D in formula (2 6F) include lithium, sodium, 
potassium, magnesium and calcium atoms , and lithium and magnesium 
atoms are preferable . 

The reaction above is usually performed in a solvent inert 
to the reaction. Examples of the solvent include aromatic 
hydrocarbon solvents such as benzene, toluene or the like; 
aliphatic hydrocarbon solvents such as hexane, heptane or the 
like; and ether solvents such as diethyl ether, tetrahydrof uran 
or the like. These solvents may be used alone or as a mixture 
of at least two of them. The amount thereof is usually 1 to 
200 parts by weight, preferably 3 to 50 parts by weight, per 
part by weight of the metal aryl compound of formula (8). 

The reaction can be performed by adding, for example, 
phosphine halide of formula 26E to the aryl compound of formula 
(26F) . The reaction temperature is usually in the range of from 
-100°C or more to the boiling point or less of the solvent, more 
preferably in the range of -80°C to 100°C. 
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Te phosphine compound of formula (26B) is obtained, for 
example, by removing insolubles by filtration followed by 
removing the solvent by evaporation . The product may be purified 
by silica gel column chromatography, if necessary. 

Specific examples of phosphine dihalide of formula (26C) 
include, for example, the following compounds: 
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The compounds of formulae above also include those in which 
the chlorine atom is replaced by bromine or iodine atoms. 



Specific examples of the metal aryl compound of formula 
(26D) include, for example, the following compounds: 
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Specific examples of phosphine tialide of formula (26E) 



include, for example, the following compounds: 
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P"^ Ph -N" Ph ^N" 

^ ^ ^ ^ 




Transition metal complexes of the invention obtained by 
5 reacting the ligand of formula 2 with the transition metal 
compound of formula 4 will be described below. 

Examples of the group 4 element represented by M in formula 
4 include titanium, zirconium and hafnium. Titanium and zirconium 
are preferable. 
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Examples of the halogen atom represented by X 1 in formula 
4 include fluorine, chlorine, bromine and iodine atoms. Chlorine 
atom is preferable. 

Specific examples of the alkyl group having 1 to 10 carbon 
atom(s) that maybe substituted, represented by X 1 , includemethyl 
group, ethyl group, n-propyl group, isopropyl group, n-butyl 
group, sec-butyl group, tert-butyl group, n-pentyl group, 
neopentyl group, amyl group, n-hexyl group, n-octyl group and 
n-decyl group. Specific examples of the groups substituted with 
a halogen atom, alkoxy group, aryloxy group, a 
hydrocarbon- substituted amino group, or a silyl group 
substituted with a hydrocarbon include, for example, 
fluoromethyl group, dif luoromethyl group, trif luoromethyl 
group, fluoroethyl group, dif luoroethyl group, trif luoroethyl 
group, tetraf luoroethyl group, pentaf luoroethyl group, 
perf luoropropyl group, perf luorobutyl group, perf luoropentyl 
group, perf luorohexyl group, pef luorooctyl perf luorodecyl 
trichloromethyl group, methoxymethyl group, phenoxymethyl 
group, dimethylaminomethyl group and trimethylsilyl group. Of 
the alkyl group having 1 to 10 carbon atom(s) that may be 
substituted, methyl, ethyl, isopropyl, tert-butyl and amyl 
groups are preferable, and methyl group is more preferable. 

Examples of the aralkyl group having 7 to 20 carbon atoms 
that may be substituted, represented by X 1 , include benzyl, 
naphthymethyl, anthracenylmethyl and diphenylmethyl groups, 
including those substituted with a halogen atom, alkyl group, 
alkoxy group, aryloxy group, a hydrocarbon- subs tututed amino 
group, or with a silyl group substituted with hydrocarbon. 
Specific examples thereof include ( 2 -methylphenyl) methyl group, 
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( 3 -me thylphenyl ) methyl group , ( 4 -me thylphenyl ) methyl group , 
(2,3- dime thylphenyl ) methyl group , (2,4- dime thylphenyl ) methyl 
group, ( 2 , 5 -dimethylphenyl) methyl group, 

(2,6- dimethylphenyl ) methyl group , (3,4- dimethylphenyl ) methyl 

group, ( 2 , 3 , 4- trimethylphenyl) methyl group, 

(2,3,5- trimethylphenyl ) methyl group , 

( 2 , 3 , 6- trimethylphenyl) methyl group, 

(3,4,5- trimethylphenyl ) methyl group , 

(2,4,6- trimethylphenyl ) methyl group , 

(2,3,4,5- tetrame thylphenyl ) methyl group , 

(2,3,4,6 - t etramethylphenyl ) methyl group , 

(2,3,5,6 - t etramethylphenyl ) methyl group , 

( pent ame thylphenyl ) methyl group , ( e thylphenyl ) methyl group , 
(n-propylphenyl) methyl group, ( isopropylphenyl ) methyl group, 
( n - buty lpheny 1 ) methyl group , (sec- bu tylphenyl ) methyl 
(tert-butylphenyl) methyl group, (n-pentylphenyl ) methyl group, 
( neopentylphenyl ) methyl group , ( n -hexy lpheny 1 ) methyl 
(n-octylphenyl)methyl group, ( n-decy lpheny 1) methyl group, 
( n - dodecy lpheny 1 ) methyl group , ( f lor opheny 1 ) methyl 
( dif luorophenyl ) methyl group, (pentaf luorophenyl) methyl group, 
( chlorophenyl ) methyl group , ( me thoxyphenyl ) methyl group , 
( phenoxyphenol ) methyl group , ( dimethylaminophenyl ) methyl 
group and ( trime thy Is ilylphenyl) methyl group. The aralkyl 
group having 7 to 20 carbon atoms that may be substituted is 
preferably a benzyl group. 

Examples of the aryl group having 6 to 20 carbon atoms 
that may be substituted, represented by X 1 , include phenyl, 
naphthyl and anthracenyl groups . 

Further examples of the aryl group include those 
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substituted a halogen atom, alkyl, alkoxy, aryloxy, a 
hydrocarbon -substituted amino group, or with silyl group 
substituted with a hydrocarbon. Specific examples thereof 
include 2- tolyl group, 3-tolyl group, 4-tolyl group, 2, 3 -xylyl 
5 group, 2,4-xylyl group, 2,5-xyly group, 2,6-xylyl group, 

3 , 4 -xylyl group , 3 , 5 -xylyl group , 2,3,4- trimethylphenyl group , 

2.3.5- trimethylphenyl group, 2 , 3 , 6- trimethylphenyl group, 

2.4.6- trimethylphenyl group , 3,4,5- trimethylphenyl group , 
2,3,4, 5-tetramethylphenyl group, 2,3,4 , 6-tetramethylphenyl 

10 group, 2, 3, 5, 6-tetramethylphenyl group, pentamethylphenyl 
group, ethylphenyl group, n-propylphenyl group, 
isopropylphenyl group, n-butylphenyl group, sec-butylphenyl 
group, tert-butylphenyl group, n-pentylphenyl group, 
neopentylphenyl group, n-hexylphenyl group, n-octylphenyl 

15 group, n-decylphenyl group, n-dodecylphenyl group, 

n-tetradecylphenyl group, 2-f luorophenyl group, 3-f luorophenyl 
group, 4 -f luorophenyl group, 3 , 5-dif luorophenyl group, 
pent af luorophenyl group , 4 -chlorophenyl group , 2 -methoxyphenyl 
group, 3 -methoxyphenyl group, 4 -methoxyphenyl group, 

20 4-phenoxyphenyl group, 4-dimethylaminophenol group and 
4-trimethylsilylphenyl group. Aryl group that may be 
substituted is preferably a phenyl group. 

Specific examples of the alkoxy group having 1 to 10 carbon 
atom(s) that may be substituted, represented by X 1 , include 

25 methoxy group, ethoxy group, n-propoxy group , isopropoxy group , 
n-butoxy group, sec-butoxy group, tert-butoxy group, 
n-pentyloxy group, neopentyloxy group, n-hexyloxy group, 
n-octyloxy group , n-nonyloxy group and n-decyloxy group . These 
groups may be further substituted, and examples thereof include 
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those substituted with a halogen atom, an alkoxy, aryloxy, 
hydrocarbon-substituted amino , or with a silyl group substituted 
with a hydrocarbon. 

Specific examples of the substituted alkoxy group include 
f luoromethoxy group, fluoroethoxy group, dif luorormethoxy 
group, trif luoromethoxy group, fluoroethoxy group, 
dif luoroethoxy group, trif luoroethoxy group , tetraf luoroethoxy 
group, pentaf luoroethoxy group, perf luoropropoxy group, 
perf luorobutyloxy group, perf luoropentyloxy group, 
perf luorohexyloxy group, perf luorooctyloxy group, 
perf luorodecyloxy group, trichloromethyloxy group, 
methoxymethoxy group, phenoxymethoxy group, 

dimethylamiomethoxy group, trimethylsilylmethoxy group and the 
like. The alkoxy group having 1 to 10 carbon atom(s) that may 
be substituted is preferably a methoxy group. 

Examples of the aralkyloxy group having 7 to 20 carbon 
atoms, represented by X 1 , include benzyloxy group, 
naphthylmethoxy group, anthracenylmethoxy group and 
diphenylmethoxy group. These may be further substituted, and 
examples thereof include those substituted with a halogen atom, 
an alkyl group, an alkoxy group, an aryloxy group, a 
hydrocarbon- substituted amino group, or with a silyl' group 
substituted with a hydrocarbon. Specific examples thereof 
include ( 2 -me thylphenyl ) methoxy group , 

( 3 -me thylphenyl ) methoxy group , ( 4 -me thylphenyl ) methoxy group , 
(2,3- dime thylphenyl ) methoxy group , 
(2,4- dime thylphenyl ) methoxy group , 
(2,5- dimethylphenyl ) methoxy group , 
(2,6- dimethylphenyl ) methoxy group , 
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(3,4- dimethy lphenyl ) methoxy group , 
(2,3,4- trimethylpheny 1 ) methoxy group , 
(2,3,5- tr imethy lpheny 1 ) methoxy group , 
(2,3,6- tr imethy lpheny 1 ) methoxy group , 
5 (3, 4, 5 -tr imethy lphenyl) methoxy group, 
(2,4,6- trime thy lphenyl ) methoxy 

group, (2,3, 4, 5 -tetramethy lphenyl) methoxy group, 
(2,3,4,6- tetramethy lphenyl ) methoxy group , 
(2,3,5,6 - tetramethy lphenyl ) methoxy group , 

10 ( pent amethy lphenyl ) methoxy group , ( ethy lphenyl ) methoxy group , 
( n-propy lphenyl ) methoxy group , ( isopropylphenyl ) methoxy group , 
(n-buty lphenyl) methoxy group, ( sec -buty lpheny 1 ) methoxy group, 
( tert -butylphenyl ) methoxy group , ( n-pentylphenyl ) methoxy 
group, (neopentylphenyl) methoxy group, (n-hexylphenyl) methoxy 

15 group, (n-octy lphenyl) methoxy group, (n-decy lphenyl) methoxy 
group, (n-dodecy lphenyl) methoxy group, ( fluorophenyl) methyl 
group, (dif luorophenyl) methyl group, 

(pentaf luorophenyl) methyl group, (chlorophenyl) methyl group, 
( me thoxyphenyl ) methyl group , ( phenoxyphenyl ) methyl 

20 (dimethoxyaminophenyl) methyl group and 

(trimethoxysily lphenyl) methyl group- The aralkyloxy group 
havin 7 to 20 carbon atoms that may be substituted is preferably 
a benzyloxy group. 

Examples of the aryloxy group having 6 to 20 carbon atoms 

25 that may be substituted in X 1 include phenoxy, naphthoxy and 
anthracenoxy groups. These groups may be further substituted, 
and examples thereof include those substituted with a halogen 
atom, an alkyl group, an alkoxy group, an aryloxy group, a 
hydrocarbon- substituted amino group, or with a silyl group 
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substituted with a hydrocarbon. Specific examples thereof 
include 2-methylphenoxy group, 3-methylphenoxy group, 
4-methylphenoxy group, 2 , 3-dimethylphenoxy group, 

2.4- dimethylphenoxy group, 2 , 5-dimethylphenoxy group, 
5 2, 6-dimethylphenoxy group, 3 , 4-dimethylphenoxy group, 

3.5- dimethylphenoxy group , 2,3,4 - t rimethylphenoxy group , 
2,3,5- t rimethylphenoxy group , 2,3,6- trime thylphenoxy group , 
2,4,5-trimethylphenoxy group, 2 , 4 , 6-trimethylphenoxy group, 
3 , 4 , 5- trimethylphenoxy group, 2,3,4 , 5- tetrame thylphenoxy 

10 group, 2,3,4,6-tetramethylphenoxy group, 

2,3,5,6-tetramethylphenoxy group, pentamethylphenoxy group, 
ethylphenoxy group, n-propylphenoxy group, isopropylphenoxy 
group, n-butylphenoxy group, sec-butylphenoxy group, 
tert-butylphenoxy group, n-hexylphenoxy group , n-octylphenoxy 

15 group, n-decylphenoxy group, n-tetradecylphenoxy group, 

2- f luorophenoxy group, 3-f luorophenoxy group, 4-f luorophenoxy 
group, 3, 5 -dif luorophenoxy group, pentaf luorophenoxy group, 
4-chlorophenoxy group, 2-methoxyphenoxy group, 

3- methoxyphenoxy group, 4-methoxyphenoxy group, 

20 4-phenoxyphenoxy group, 4-dimethylaminophenoxy group and 

4- trimethylsilylphenoxy group. The aryloxy group having 7 to 
20 carbon atoms that may be substituted is preferably a phenoxy 
group . 

In the amino group disubstituted with substituted or 
25 unsubstituted hydrocarbon group having 1 to 20 carbon atom(s) , 
represented by X 1 , examples of the hydrocarbon include alkyl 
groups having 1 to 10 carbon atom(s) such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl n-pentyl, 
neopentyl, amyl, n-hexyl, cyclohexyl, n-octyl, or n-decyl group ; 
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and aryl groups having 6 to 20 carbon atoms such as phenyl, tolyl, 
xylyl, naphthyl or anthracenyl group. Examples of the amino 
group substituted with the hydrocarbon groups having 1 to 20 
carbon atom( s ) include dimethylamino group , diethylamino group , 
di-n-propylamino group, diisopropylamino group, 
di-n-butylamino group, di-sec-butylamino group, 
di-tert-butylamino group, di-isobutylamino group, 
tert-butylisopropylamino group , di-n-hexylamino group, 
di-n-octylamino group, di-n-decylamino group, diphenylamine 
group and the like. The dimethylamino and diethylamino groups 
are preferable. 

The neutral ligand represented by L or L 1 denotes a molecule 
having a neutral functional group(s) such as ether, sulfide, 
amine, phosphine or olefin, and it may possess coordinatingf 
functional groups at a plurality of sites in the molecule. 

Examples of the neutral ligand include dimethyl ether, 
diethyl ether, methyl tert -butyl ether , furan, tetrahydrof uran , 
dimethoxyethane , diethoxyethane , dimethyl sulfide, diethyl 
sulfide, methyl tert -butyl sulfide, thiophene, 
tertahydrothiophene , ethylenedithiol , dimethylsulf ide , 
ethylenedithiol , diethylsulf ide , trimethylamine , 
triethylamine , triphenylamine , tricyclohexylamine , pyridine, 
2,2' -bipyridine , tetramethylenediamine , 
tetraethylethylenediamine , triphenylphosphine , 
tricyclohexylphosphine , tr i - tert - butylphosphine , 
bis ( diphenylphosphino ) methane , bis ( diphenylphosphino ) ethane , 
bis ( diphneylphosphino ) propane , 

bis(diphneylphosphino)binaphthyl, ethylene, propylene, butene, 
butadiene, octene, octadiene, cyclohexene, cyclohexadiene , 
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norbornene and norbornadiene . 

Examples of the transition metal compound of formula (4) 
include, for example, tetrabenzyl titanium, tetraneopentyl 
titanium, tetrachloro titanium, tetraisopropoxy titanium, 
5 diisopropoxy titanium dichloride, 
tetrakis ( dimethylamino ) titanium , 

tetrakis ( diethylamino ) titanium , bis ( dimethylamino ) titanium 
dichloride, bis(diethylamino) titanium dichloride, 
tetrakis ( trif luoroacetoxy ) titanium , 

10 bis( trif luoroacetoxy) titanium dichloride, titanium 
trichloride- 3 tetrahydrof ur an complex, titanium 
tetrachloride- 2 tetrahydrof uran complex, 

tetrabenzyl zirconium, tetraneopentyl zirconium, 
tetrachloro zirconium, tetraisopropoxy zirconium, diisopropoxy 

15 zirconium dichloride, tetrakis (dimethylamino) zirconium, 
tetrakis ( diethylamino ) zirconium , bis ( dimethylamino ) 
zirconium dichloride, bis ( diethylamino) zirconium dichloride, 
tetrakis ( trif luoroacetoxy ) zirconium, bis ( trif luoroacetoxy ) 
zirconium dichloride, trichlorozirconium-3tetrahydrof uran 

20 complex, tetrachlorozirconium- 2 tetrahydrof uran complex, 
tetrabenzyl hafnium, tetraneopentyl hafnium, 
tetrachlorohaf nium, tetraisopropoxy hafnium, diisopropoxy 
hafnium dichloride , tetrakis ( dimethylamino ) hafnium , 
tetrakis ( diethylamino ) hafnium , bis ( dimethylamino ) hafnium 

25 dichloride, bis (diethylamino) hafnium dichloride, 
tetrakis ( trif luoroacetoxy ) hafnium , 
bis ( trif luoroacetoxy ) hafnium , trichlorohaf nium 
3 -tetrahydrof uran complex, tetrachlorohaf nium 
2-tetrahyrdof uran complex and the like. 
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The transition metal complex is produced by reacting 
phosphine compound of formula 2 with the transition metal 
compound of formula 4 . 

The ratio between the phosphine compound of formula (2) 
5 and the transition metal compound of formula (4) is not 

particularly restricted, and it is preferably in the range of 
1:0.1 to 1:10, more preferably in the range of 1:0.5 to 1:2. 

A base is used for the reaction, if necessary. Examples 
of the base include organic alkali metal compounds including 
10 organic lithium compounds such as methyl lithium, ethyl lithium, 
n-butyl lithium, sec-butyl lithium, tert -butyl lithium, lithium 
trimethylsilylacetylide, lithium acetylide, 

trimethylsilylmethyl lithium, vinyl lithium, phenyl lithium, 
allyl lithium or the like, and metal hydrides such as sodium 

15 hydride, potassium hydride or the like. The amount thereof is 
usually in the range of 0 . 5 to 5 mole per mol of the phosphine 
compound of formula (2). 

The reaction is usually carried out in a solvent inert 
to the reaction. Examples of the solvent include aprotic 

20 solvents including aromatic hydrocarbon solvents such as benzene , 
toluene or the like; aliphatic hydrocarbon solvents such as 
hexane, heptane or the like; and ether solvents such as diethyl 
ether, tetrahydrof uran, 1 , 4-dioxane or the like; amide solvents 
such as hexamethylphosphoric amide, dimethylf ormamide or the 

25 like; polar solvents such as acetonitrile , propionitrile, 

acetone, diethyl ketone, methyl isobutyl ketone, cyclohexanone 
or the like; and halogenated solvents such as dichloromethane , 
dichloroethane, chlorobenzene , dichlorobenzene or the like. 
These solvents may be used alone or as a mixture of at least 
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two of them. The amount thereof is usually 1 to 2 00 parts by 
weight, preferably 3 to 50 parts by weight, per part by weight 
of the phosphine compound of formula (2). 

The reaction is usually carried out by adding the 
transition metal compound of formula (4) to the phosphine 
compound of formula (2) in a solvent after adding a base, if 
necessary. The reaction temperature is usually in the range 
of -100°C or more to the boiling point or less of the solvent, 
preferably in the range of -80 to 100°C. 

The transition metal compound may be obtained from the 
reaction mixture by a conventional method. For example, the 
precipitated substance is removed by filtration, and a solid 
product is precipitated by concentrating the filtrate. 

The transition metal compound thus obtained is typically 
the transition metal compound of formula (3). 

Examples of the compound having a partial structure 
corresponding to each formula of G 2 in formula (3) include the 
following compounds . 

Examples of the transition metal compound of formula (3) 
include, for example, the following compounds: 
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The compounds in which the titanium atom is replaced by 
the zirconium atom or hafnium atom can also be exemplified. 
In the polymerization reaction, the transition metal 
5 complex thus produced may be charged for use with compound A 
or compound B as an additional component ( s ) in an optional order, 
or a products obtained by contacting the components optionally 
selected from the components prior to the polymerization. 

Organic aluminum compound known in the art may be used 
10 as compound A in the invention . Preferably, the organic aluminum 
compound known in the art may be used as compound A, and any 
one of compounds Al to A3, or a mixture of at least two of them 
is preferable. 

Examples of organic aluminum compound Al represented by 
15 Ela-Al-Z3a include trialkylaluminum such as trimethylaluminum, 
triethylaluminum, tripropylaluminum, triisobutylaluminum, 
trihexylaluminum or the like; dialkyl aluminum chloride such 
as dimethylaluminum chloride, diethylaluminum chloride, 
dipropylaluminum chloride, diisobutylaluminum chloride, 
20 dihexylaluminum chloride or the like; alkylaluminum dichloride 
such as methylaluminum dichloride, ethylaluminum dichloride. 



propylaluminum dichloride, isobutylaluminum dichloride, 
hexylalnminum dichloride or the like; and dialkylaluminum 
hydride such as dimethylaluminum hydride, diethtylaluminum 
hydride, dipropylaluminum hydride , diisobutylaluminum hydride , 
dihexylaluminum hydride or the like. Trialkylaluminum is 
preferable, and triethylaluminum and triisobutylaluminum are 
more preferable. 

Specific examples of E2, E3 in cyclic aluminoxane (A2) 
having the structure of formula [-A(E2)-0-] b and in linear 
aluminozane ((A3) having the structure of formula 
E3[ -A1(E3) -O- ] c , respectively, include alkyl groups such as 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, 
n-pentyl, neopentyl or the like, b is an integer of 2 or more, 
and c is an integer of 1 or more. Preferably, E2 or E3 is a 
methyl or isobutyl group, and b is 2 to 40 and c is 1 to 40, 
respectively. Specific examples of aluminoxane include methyl 
aluminoxane (MAO), modified aluminoxane (MMAO) and butyl 
aluminoxane (BAO) . 

The aluminoxane can be produced by various methods . The 
method is not particularly restricted, and the compound may be 
produced according to the method known in the art . For example , 
the compound is by reacting a solution prepared by dissolving 
trialkylaluminum (for example trimethylaluminum) in a suitable 
solvent ( such as benzene and aliphatic hydrocarbon) , with water . 
In another example, the compound is produced by contacting 
trialkylaluminum (for example trimethylaluminum) with a metal 
salt containing crystallization water (for example copper 
sulfate hydrate). 

In the boron compound (Bl) of formula BQ X Q 2 Q 3 , Q 1 to Q 3 



261 



are preferably halogen atoms , hydrocarbons having 1 to 20 carbon 
atom(s), or halogenated hydrocarbons having 1 to 20 carbon 
atom(s ) . 

Specific examples of Bl include 
5 tris ( pentaf luorophenyl ) borane , 

t r is (2,3,5,6 - tetraf luorophenyl ) borane , 

tris (2,3,4, 5- tetraf luorophenyl ) borane , 

tris (3 , 4, 5 -trif luorophenyl) borane, 

tris(2,3,4- trif luorophenyl ) borane and 
10 phenylbis ( pentaf luorophenyl ) borane . Preferred is 

tris ( pentaf luorophenyl ) borane . 

In the boron compound (B2) of formula Z + (BQ 1 Q 2 Q 3 Q 4 )", 

examples of Q 1 to Q 4 are the same as those exemplified for Q 1 

to Q 3 in the boron compound (Bl). 
15 In the specific example of the compound represented by 

Z + (BQ 1 Q 2 Q 3 Q 4 )", examples of inorganic cation Z + include 

ferrocenium cation, alkyl-substituted ferrocenyl cation and 

silver cation, and examples of organic cation Z + include 

triphenylmethyl cation. Examples of ( BQ 1 Q 2 Q 3 Q 4 ) " include 
20 tetrakis ( pentaf luorophenyl ) borate , 

tetrakis (2,3,5,6 - tetraf luorophenyl ) borate , 

tetrakis (2,3,4, 5- tetraf luorophenyl) 

borate , tetrakis (3,4,5- trif luorophenyl ) borate , 

tetrakis (2,2,4- trif luorophenyl ) borate , 
25 phenylbis (pentaf luorophenyl) borate and 

tetrakis ( 3 , 5 -bis trif luoromethylphenyl ) borate . 

Specific examples of the combination thereof include 

ferrocenium tetrakis (pentaf luorophenyl) borate, 

1,1' -dimethylf errocenium tetrakis (pentaf luorophenyl ) borate, 
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silver tetrakis ( pentaf luorophenyl ) borate , 
triphenylmethyltetrakis ( pentaf luorophenyl ) borate , and 
triphenylmethyltetrakis ( 3 , 5 -bistrif luoromethylphenyl ) 
borate . Triphenylmethyltetrakis ( pentaf luorophenyl ) borate 
is preferable. 

In the boron compound (B3) represented by (L-H) + (BQ 1 Q 2 Q 3 Q 4 ) " , 
Q 1 to Q 4 are the same as Q 1 to Q 3 in Bl above. 

As the specific examples of the compound represented 
by(L-H) + (BQ 1 Q 2 Q 3 Q 4 )" # exemplified are those composed of Bronsted 
acid (L-H) + such as trialkyl-substituted ammonium, N,N-dialkyl 
anilinium, dialkyl ammonium or triaryl phosphonium, and 
(BQ^C^Q 4 )" as exemplified above. 

Specific examples of the combination thereof include 
triethylammonium tetrakis ( pentaf luorophenyl ) borate , 
tripropylammonium tetrakis (pentaf luorophenyl) borate, 
tri ( n -butyl ) ammonium tetrakis ( pentaf luorophenyl ) borate , 
tri ( n-butyl ) ammonium tetrakis ( 3 , 5 -bis truf luoromethylphenyl ) 
borate , N , N- dimethylanilinium tetrakis ( pentaf luorophenyl ) 
borate , N , N- diethylanilinium tetrakis ( pentaf luorophenyl ) 
borate , N,N-2 ,4,6 -pent amethylanilinium 

tetrakis ( pentaf luorophenyl ) borate , N , N- dimethylanilinium 
tetrakis ammonium tetrakis ( 3 , 5 -bistrif luoromethylphenyl ) 
borate , diisopropylammonium tetrakis ( pentaf luorophenyl ) 
borate , dicyclolhexylammonium tetrakis (pentaf luorophenyl ) 
borate, triphenylphosphonium tetrakis (pentaf luorophenyl ) 
borate , tri (methylphenyl ) phosphonium 
tetrakis (pentaf luorophenyl) borate, 

tri ( methylphenyl ) phosphonium tetrakis ( pentaf luorophenyl ) 
borate, and tri (dimethylphenyl) phosphonium 
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tetrakis (pentaf luorophenyl) borate. Preferred are 
tri ( n -butyl ) ammonium tetrakis ( pentaf luorophenyl ) borate , 
N,N -dime thy lanilinium tetrakis (pentaf luorophenyl ) borate and 
the like. 

5 The rqatio of each catalyst component is desirably in the 

range of 0.1 to 10,000, more preferably in the range of 5 to 
2000 , for the molar ratio of compound A/transition metal complex 
( 1 ) , and more preferably in the range of 0.01 to 100 , preferably 
in the range of 0.5 to 10, for the molar ratio of compound 

10 B/transition metal complex (1). 

The concentration of each catalyst component used as a 
solution is desirably in the range of 0.0001 to 5 mmol/L, 
preferably in the range of 0.001 to 1 mmol/L, for transition 
metal complex ( 1 ) ; in the range of 0.01 to 500 mmol/L , preferably 

15 in the range of 0.1 to 100 mmol/L in terms of aluminium, for 
compound A; and in the range of 0.0001 to 5 mmol/L, preferably 
in the range of 0.001 to 1 mmol/L, for compound B. 

Any one of olefin and diolef in having 2 to 20 carbon atoms 
can be used as the monomer for polymerization in the invention, 

20 and at least two monomers can be used together. While the 
monomers are exemplified below, the invention is not restricted 
to these monomers . Specific examples of olefin include ethylene , 
propylene, butene-1, pentene-1, hexene-1, heptene-1, octene-1, 
nonen-1, decen-1, 5-methyl- 2 -pentene-1 , vinyl cyclohexene and 

25 the like. Examples of the diolef in compound include conjugated 
diene and non-conjugated diene of the hydrocarbon compound, and 
specific examples of the non-conjugated diene compound include 
1 , 5-hexadiene, 1 , 4-hexadiene , 1 , 4 -pentadiene , 1 , 7 -octadiene , 
1 , 8-nonadiene , 1 , 9 -decadiene , 4 -methyl- 1 , 4-hexadiene , 
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5 -methyl - 1 , 4 -hexadiene , 7 -methyl -1,6- octadiene , 

5 -ethylydene- 2 -norbornene, dicyclopentadiene , 

5 -vinyl - 2 - norbornene , 5 -methyl - 2 - norbornene , norbornadiene , 

5 -methylene - 2 -norbornene , 1 , 5 -cyclooctadiene , 

5 # 8-endomethylene hexahydronaphthalene and the like; and 

specific examples of the conjugated diene compound include 

1 , 3 -butadiene , isoprene , 1 , 3 -hexadiene , 1 , 3 -octadiene , 

1 , 3-cyclooctadiene, 1 , 3-cyclohexadiene and the like. 

Specific examples of the monomer constituting the 
copolymer include ethylene and propylene , ethylene and butene- 1 , 
ethylene and hexene-1, and propylene and butene-1, as well as 
combinations further using 5 -ethylidene- 2 -norbornene thereto, 
the invention is not restricted to these compounds. 

Aromatic vinyl compounds can be used as the monomer in 
the invention . Specific examples of the aromatic vinyl compound 
include styrene, o-methylstyrene, m-methylstyrene , 
p-methylstyrene , o , p-dimethylstyrene , o- ethyls tyrene , 
m- ethyls tyrene , p- ethyls tyrene , o-chlorostyrene , 
p-chlor os tyrene, a-methylstyrene, divinylstyrene and the like. 

The polymerization method is not particularly restricted , 
and the polymerizaition can be conducted by solvent 
polymerization using an aliphatic hydrocarbon such as butane, 
pentane, hexane, heptane or octane, aromatic hydrocarbon such 
as benzene or toluene, or halogenated hydrocarbon such as 
methylene dichloride as the solvent, slurry polymerization or 
gas phase polymerization using gaseous monomers. Continuous 
polymerization or batch-wise polymerization can be used. 

The polymerization temperature can be set in the range 
of -50°C to 200°C. The temperature range of -20°C to 100°C is 
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preferable . The polymerization reaction pressure is preferably 
in the range of atmospheric pressure to 6 MPa (60 kg/cm 2 G) . The 
polymerization reaction time is appropriately selected 
depending on the kind of the desired polymer and reaction 
5 equipment, and it may be in the range of 1 minute to 20 hours. 
A chain transfer agent such as hydrogen can be added in the 
invention for controlling the molecular weight of the copolymer. 

Examples 

10 While the invention is described in more detail with 

reference to examples, the invention is not restricted to these 
examples. The properties of the polymers in the examples were 
measured by the following methods. 

[Molecular weight and molecular weight distribution] 
15 The molecular weight and molecular weight distribution 

were measured as follows using Rapid GPC (trade name; 
manufactured by Symyx Co . ) . 

Pump: (LC pump), manufactured by Gilson Co. 
Model 1305 (trade name), pump head 25.SC 
20 Column: PLgelMixed-B (tradename; manufactured by Polymer 

Laboratories (PL) Co.), 10 \xm, 
7.5 nunc)) x 300 mm 

Mobile phase: o-dichlorobenzene 
Dissolving solvent: 1 , 2 , 4-trichlorobenzene 
25 Flow rate: 2 ml/min 

Column temperature: 160°C 

Calibration curve: polystyrene (PS, standard 
manufactured by PL Co.), 8 samples 

Standard molecular weight of PS; 5,000, 10,050, 28,500, 
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65,500, 185,400, 483,000, 1,013,000, 3,390,000 
[Melting point] 

Melting point was measured under the following condition 
using SAMMS (Sensor Array Modular System, trade name, 
5 manufactured by Symyx Co,) 

Measurement mode : melting temperature measurement by heat 
capacity spectroscopy 

Atmospheric gas; vacuum (3.0xl0~ 4 Torr or below) 
Temperature program: 
10 (start) room temperature 

(rate of temperature increase) about 50°C/min 
(hold) 200°C (0 minute) 
[Me branching] 

Me branching was measured under the following condition 
15 using IR spectrometer (EQINOX 55, trade name, manufactured by 
Bruker Co . ) 

Measurement mode: reflection- transmission method (a film 
is formed on a mirror surface) 

Blank: mirror surface (air) 
20 Measuring condition: 

(resolution) 2 cm" 1 
(number of integration) 128 times 
(wavelength) 400 to 4000 cm" 1 

25 Example Al : Synthesis of compound Al 
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A1 



A 1.56 M hexane solution (7.05 mL) of n-butyl lithium was 
added dropwise into a tetrahydrof uran solution (23.5 mL) of 
l-methoxymethoxy-2-tert-butyl-4-methylbenzene (2.08 g, 10.0 
mmol) at -78°C, and the solution was warmed to room temperature 
5 with stirring for 1 hour. The reaction solution was added into 
a tetrahydrof uran solution ( 23 . 5 ml) of phosphorous trichloride 
(0.69 g, 5.0 mmol) at -78°C, and the solution was warmed to room 
temperature with stirring for 5 hours. Compound Al was 
quantitatively obtained by removing the solvent under a reduced 
10 pressure after removing insoluble substances by filtration. 
l H NMR(CD 2 C1 2 ) dl.38(18H), 2.25(6H), 3.60(6H), 5 . 06-5 . 26 ( 4H)> 
7.07-7.27(4H) 
31 P NMR(CD 2 C1 2 ) 79.15 

15 Example A2 : Synthesis of compound A2 



A 1.56 M hexane solution (35.3 mL) of n-butyl lithium was 
added dropwise into a tetrahydrof uran solution (180.6 mL) of 
2- (o-bromophenyl) -1 , 3-dioxolane (11.15 g, 50.0 mol) at -78°C, 
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and the solution was warmed to room temperature with stirring 
for 2 hours. The reaction mixture was cooled to -78°C, and a 
tetrahydrofuran solution (77.4 mL) of compound Al (24.05 g, 50.0 
mmol) was added therein followed by warming to room temperature 
with stirring for 10 hours. The reaction was stopped by adding 
deionized water (200. OmL) and toluene (200.0mL) , and the solvent 
was removed after washing the organic layer with saturated 
aqueous sodium chloride solution (100 mL) to obtain a crude 
product as a pale yellow oil. The crude product was purified 
by silica gel column chromatography (hexane/ethyl acetate = 30/1 
to 4/1) to obtain compound A2 (9.52 g, yield 32.0%) as a white 
solid. 

X H NMR(CDC1 3 ) dl.37(18H)> 2.10(6H), 3.45(6H)> 3 . 93- 4 . 14 ( 4H) > 
5. 11-5. 13 (4H)> 5.20(1H), 6.34(2H), 6.44(2H), 6 . 92 - 7 . 66 ( 4H ) 

Example A3: Synthesis of compound A3 




A 1.56 M hexane solution (21.2 mL) of n-butyl lithium was added 
dropwise into a diethylether solution (145.0 mL) of 
2-(o-bromophenyl)-l,3-dioxane (6.87 g, 30.0 mmol) at -78°C # and 
the solution was warmed to room temperature with stirring for 
2 hours. The mixed reaction solution was cooled to -78°C, and 
a diethylether solution (116.0 mL) of phosphorous trichloride 
(8.24 g, 60.0 mmol) was added to the solution followed by warming 
to room temperature with stirring for 10 hours. Compound A3 
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was obtained by removing the solvent by evaporation in vacuum 
after removing insoluble materials by filtration. 
31 P (CD 2 C1 2 ) : 5 160.8 

Example A4 : Synthesis of compound A2 

A 1.56 M hexane solution (33.8 mL) of n-butyl lithium was 
added dropwise into a tetrahydrof uran solution (158 mL) of 
2-tert-butyl-l-methoxymethoxy-4-methylbenzene (10.0 g, 48.0 
mmol) at -78°C # and the solution was warmed to room temperature 
with stirring for 2 hours. The reaction mixture was cooled to 
-78°C, and a tetrahydrof uran solution (67.5 mL) of compound A3 
(6.03 g, 24.0 mmol) was added into the cooled solution . followed 
by warming to room temperature with stirring for 10 hours. 
Compound A2 was obtained by applying the same post treatment 
to the resulting mixture as in Example A2 . 

Example A5: Synthesis of compound A4 



Into a solution of compound A2 (1.49 g, 2.50 mmol) in a 
mixed solvent of tetrahydrof uran/water = 10/1 (46.3 mL), 98% 
sulfuric acid (1.32 g) was added at room temperature and the 
mixture was stirred for 3 hours. The reaction was stopped by 
adding deionized water (70.0 mL) and toluene(50.0 mL) . After 
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washing the organic layer with saturated aqueous sodium chloride 
solution (70 mL), the solvent was removed by evaporation to 
quantitatively obtain compound A4 as a pale yellow oil. 

1 H NMR(CDC1 3 ) dl.40(18H> 2.10(6H)> 3.50(6H)> 5.26(4H> 6.27(2H), 6.97-7.98(6H> 
5 10.6(1H) 

Examples A6 : Synthesis of compound A5 




A5 



Acetyl chloride (1.96 g, 25.0 mmol) was added to a solution 
10 of compound A4 (2.75 g, 5.00 mmol) in a mixed solvent of ethyl 
acetate and methanol (1:1, 110.0 mL) , and then the mixture was 
stirred for 15 hours at room temperature. A crude product was 
obtained as an yellow oil by removing the solvent by evaporation 
in vacuum. The crude product was purified by silica gel column 
15 chromatography to obtain 0.64 g of compound A5 (yield 64.0%) 
as an yellow solid. 

1 H NMR(CDC1 3 ) dl.34(18H> 2.09(6H)> 6.33(2H), 6.51(2H), 7.07-7.87(6H)> 10.1(1H) 
31 PNMR(C 6 D 6 )d-52.8 

20 Example A7 : Synthesis of compound A6 
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Tert-butylamine (0.91 g, 12.5mmol) was added to a solution 

of compound A4 (1.38 g, 2.50 nunol) in ethanol solution (62.4 

mL), and the mixture was heated to 40°C and then stirred for 

5 hours . Compound A6 was quantitatively obtained by removing 

5 the solvent by evaporation. 

^NMRCCDCls) dl.l5(9H> 1.40(18H), 2.12(6H), 3.50(6H), 5.10-5.19(4H), 6.47(2H), 

6.90-7.95(6H), 8.90(1H) 

1 3 C NMR(CDC1 3 ) d21.L 29.5, 30.8, 36.1> 57.2, 57.6, 99.5, 126.4, 142.8, 154.5, 156.3 
10 Example A8: Synthesis of compound A7 



Compound A7 can be obtained by adding acetyl chloride to 
a solution of compound A6 in a mixed solution of ethyl acetate 
and methanol (1:1) with stirring at room temperature, followed 
by removing the solvent under a reduced pressure. 
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Example A9 : Synthesis of compound A8 
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Compound A8 was quantitatively obtained by the same manner 
as in Example A7 , except that aminopiperidine was used in place 
of tert-butylamine. 

^NMRCCDCls) dl.38-3.03(10H> 1.40(18H)> 2.12(6H)> 3.48(6H> 5.08-5.18(4H)> 6.50(2H> 
6.89-7.92(6H> 8.11(1H) 

Example A10: Synthesis of compound A9 



Compound A9 was quantitatively obtained by the same manner 
as in Example A7 , except that aminopyrrole was used in place 
of tert-butylamine. 

1 H NMR(CDC1 3 ) dl.40(18H)> 2.13(6H)> 3.51(6H> 5.09-5.24(4H)> 6.48(2H). 7.01-8.12(10H> 
9.15(1H) 

Example All: Synthesis of compound A10 




A9 



273 





H 




O 



Or 



A5 



A10 



Aminopiperidine (0.03 g, 0.25mmol) was added to a solution 
of compound A5 (0,12 g, 0.25 mmol) in ethanol solution (44.0 
mL) at 0°C with stirring for 3 hours. Compound A10 was 
quantitatively obtained by removing the solvent by evaporation . 



Compound Al 1 was quantitatively obtained by the same manner 
as in Example All, except that aminopyrrole was used in place 

of aminopiperidine. 

10 1 H NMR(CDC1 3 ) dl.41(18H> 2.16(6H> 6.15(2H)> 6.67(2H)> 6.96-7.49(10H), 8.68(1H) 

Example A13: Synthesis of compound A10 

Compound A10 can be obtained by adding acetyl chloride 
to a solution of compound A8 in a mixed solvent of ethyl acetate 
15 and methanol (1:1) at room temperature with stirring, and by 
removing the solvent by evaporation in vacuum. 

Example A14: Synthesis of compound All 



5 



Example A12: Synthesis of compound All 
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Compound All can be obtained by adding acetyl chloride 
to a solution of compound A9 in a mixed solvent of ethyl acetate 
and methanol (1:1) at room temperature with stirring, and by 
removing the solvent by evaporation in vacuum. 



A toluene solution (2.31 mL) of titanium tetrachloride 
(0.08 g f 0.40 mmol) was added dropwise into a toluene solution 
(2.31mL) of compound A6 (0.20 g, 0.33 mmol) at -78°C, and the 
10 solution was stirred for 10 hours after warming to room 

temperature. Compound 12 (204.7 mg # yield 97.5%) was obtained 
as a red solid by removing the solvent under a reduced pressure 

after removing insoluble substances by filtration. 

31 PNMR(C 6 D 6 )d22.8 
15 EI-MS 635(M +1 ) 

Example A16: Synthesis of complex A13 



5 



Example A15: Synthesis of complex A12 

civ P , , 




A12 
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Complex A13 (289.3 mg) was obtained in 87.8% yield by the 
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same manner as in Example A15, except that compound A8 was used 
in place of compound A6 . 

1 H NMR(CD 2 Cl 2 ) dl.27-2.00(10H> 1.38(18H> 2.34(6H)> 6.86(2H> 7.06(2H> 7.48-8. 15(4H)> 
10.23(1H) 

31 PNMR(C 6 D 6 )d7.16 
EI-MS 626(M-C1) 

Example A17: Synthesis of complex A14 



A 1.57 M solution of n-butyl lithium in hexane (0.64 mL) 
was added dropwise into a tetrahydrof uran solution (4.45 mL) 
of compound All (0.26 g, 0.50 mmol) at -78°C, and the solution 
was stirred for 1 hour after warming to room temperature . Then, 
a tetrahydrof uran solution (4.45 mL) of titanium 
tetrachloride/ 2 -tetrahydrof uran complex (0.17g, 0.50 mmol) was 
dripped into the mixed solution above at -78°C in 2 hours . After 
warming to room temperature, the reaction mixture was stirred 
for 10 hours. After removal of the solvent by evaporation in 
vacuum, toluene ( 10 . 0 mL ) was added to the residue . After removal 
of the insoluble materials by filtration, evaporation of the 
solvent gave complex A14 as a red solid ( 183 . 9 mg . yield 57.5%). 
X H NMR(C 6 D 6 ) dl.25(9H)> 1.47(9H), 1.69(3H), 1.79(3H)> 6.29(2H), 
6.95-8. 42(10H)> 9.07(1H) 
31 P NMR(C 6 D 6 ) d9.60 

ESI -MS ( solvent :CH 3 CN) 617 (M + CH 3 CN-pyrole) 
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Examples of polymerization reaction 
Example A18: 

Toluene (5.0 mL) was added to an autoclave under nitrogen. 
5 After stabilizing at 40°C, ethylene was fed while the ethylene 
pressure was adjusted at 0 . 60 MPa . MMAO ( 100 nmmol ) and complex 
A12 (0.10 [iinol) were added to the autoclave, and the mixture 
was allowed to polymerize for 20 minutes. The polymer was 
produced at a rate of 6 . 4xl0 6 g per hour per 1 mole of titanium 
10 by the polymerization reaction. 

Example A19: 

A polymer was produced by the same method as in Example 
A18, except that a hexane solution of triisobutyl aluminum (40 
15 |xL # 1.0 M, manufactured by Kanto Chemical Co.) and 

pentaf luorophenyl borane (0.30 \xmol ) were used in place of MMAO . 
The polymer was produced at a rate of 1.1x10 s g per hour per 
1 mole of titanium by the polymerization reaction. 

20 Example A20: 

A polymer was produced by the same method as in Example 
A18, except that a hexane solution of triisobutyl aluminum (40 
|mL, 1.0 M, manufactured by Kanto Chemical Co.) and 
dimethylanilinium tetrakis (pentaf luorophneyl) borate (0.30 

25 \xmol) were used in place of MMAO. The polymer was produced at 
a rate of 3.4xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Example A21: 
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A polymer was produced by the same method as in Example 
A18, except that a hexane solution of triisobutyl aluminum (40 
jxL, 1.0 M, manufactured by Kanto Chemical Co.) and 
triphenylmethyl tetrakis(pentaf luorophanyl) borate (0.30 \xmol) 
were used in place of MMAO. The polymer was produced at a rate 
of 4 . 4xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 

Example A22: 

Toluene (5.0 mL) and 1-hexene (60 were added to an 

autoclave under nitrogen. After stabilizing at 40°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 urn™* 1 ) and complex A12 (0.10 \uaol) were added to the 
autoclave, and the mixture was allowed to polymerize for 20 
minutes . The polymer with a molecular weight (Mw) of 1 . 26x106 , 
molecular weight distribution (Mw/Mn) of 4 . 4 and melting point 
(Tm) of 126. 7°C was produced at a rate of 4.8xl0 6 g per hour 
per 1 mole of titanium by the polymerization reaction. 

Example A23: 

A polymer was produced by the same method as in Example 
A22, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenylborane (0.30 \xmol) were used in place of MMAO. 
The polymer was produced at a rate of 7.00xl0 5 g per hour per 
1 mole of titanium by the polymerization reaction. 

Example A2 4: 

A polymer was produced by the same method as in Example 
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A22, except that a hexane solution of triisobutyl aluminum (40 
\xL, 1.0 M, manufactured by Kanto Chemical Co.) and 
dimethylanilinium tetrakis ( pent af luorophenyl ) borate (0.30 
Hitiol) were used in place of MMAO . The polymer with a molecular 
weight (Mw) of 1.97xl0 7 , a melting point (Tm) of 124. 7°C and 
a number of branches of Me of 2 per 1 , 000 carbon atoms was produced 
at a rate of 2.6xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction . 

Example A25: 

A polymer was produced by the same method as in Example 
A22, except that a hexane solution of triisobutyl aluminum (40 
|iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
triphenylmethyl tetrakis ( pentaf luorophenyl ) borate (0.30 jimol ) 
were used in place of MMAO. The polymer with a molecular weight 
(Mw) of 2.64xl0 6 , molecular weight distribution (Mw/Mn) of 1.4, 
a melting point (Tm) of 121. 4°C and a number of branches of Me 
of 1 per 1,000 carbon atoms was produced at a rate of 3.6xl0 6 
g per hour per 1 mole of titanium by the polymerization reaction. 

Example A26: 

Toluene (5.0 mL) and 1-hexene (50 \iL) were added to an 
autoclave under nitrogen. After stabilizing at 70°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 [xmmol) and complex A12 (0.10 |jmol) were added to the 
autoclave, and the mixture was allowed to polymerize. The 
polymer with a molecular weight (Mw) of 1.42 xlO 6 , molecular 
weight distribution (Mw/Mn) of 4 . 1 , melting point (Tm) of 126. 0°C 
and a number of branches of Me of 7 per 1,000 carbon atoms was 
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produced at a rate of 2.3xl0 6 g per hour per 1 mole of titanium 
by the polymerization reaction. 

Example A27: 

5 A polymer was produced by the same method as in Example 

A26, except that a hexane solution of triisobutyl aluminum (40 
|iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
dimethylanininium tetrakis (pentaf luorophenyl ) borate (0.30 
[xmol) were used in place of MMAO. The polymer with a molecular 
10 weight (Mw) of 2.29xl0 6 , molecular weight distribution (Mw/Mn) 
of 2.2, a melting point (Tm) of 128. 2°C and a number of branches 
of Me of 2 per 1 , 000 carbon atoms was produced at a rate of 1 . 6x10 s 
g per hour per 1 mole of titanium by the polymerization reaction. 

15 Example A28: 

A polymer was produced by the same method as in Example 
A26, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
triphenylmethyl tetrakis ( pentaf luorophenyl ) borate (0.30 \xmol ) 

20 were used in place of MMAO. The polymer with a molecular weight 
(Mw) of 1 . 26xl0 6 , molecular weight distribution (Mw/Mn) of 1.5, 
a melting point (Tm) of 129. 8°C and a number of branches of Me 
of 8 per 1,000 carbon atoms was produced at a rate of 1.5xl0 6 
g per hour per 1 mole of titanium by the polymerization reaction . 

25 

Example A29: 

Toluene (5.0 mL) and 1-hexene (40 \iL) were added to an 
autoclave under nitrogen. After stabilizing at 130°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
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MMAO (100 fxmmol) and complex A12 (0.10 nmol) were added to the 
autoclave, and the mixture was allowed to polymerize. The 
polymer was produced at a rate of 1.3xl0 6 g per hour per 1 mole 
of titanium by the polymerization reaction. 

5 

Example A30: 

A polymer was produced by the same method as in Example 
A29, except that a hexane solution of triisobutyl aluminum (4 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
10 dimethylanilinium tetrakis (pentaf luorophenyl ) borate (0.030 
jxmol) were used in place of MMAO. The polymer was produced at 
a rate of 8.00xl0 5 g per hour per 1 mole of titanium by the 
polymerization reaction . 

15 Example A31: 

A polymer was produced by the same method as in Example 
A2 9, except that a hexane solution of triisobutyl aluminum (4 
fxL, 1.0 M # manufactured by Kanto Chemical Co.) and 
triphenylmethyl tetrakis (pentaf luorophenyl) borate (0.30 ^unol) 

20 were used in place of MMAO. The polymer was produced at a rate 
of 8 . OxlO 5 g per hour per 1 mole of titanium by the polymerization 
reaction . 

Example A3 2: 

25 Toluene (5.0 mL) was added to an autoclave under nitrogen 

and, after stabilizing at 40°C, ethylene was added with 
compression and was stabilized at 0.60 MPa. MMAO (100 jxmniol) 
and complex A13 (0.10 ^tmol) were added to the autoclave, and 
the mixture was allowed to polymerize . The polymer was produced 
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at a rate of 2.7xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction . 



Example A3 3: 

5 A polymer was produced by the same method as in Example 

A32, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenylborane (0 . 30 jxmol) were used in place of MMAO. 
The polymer was produced at a rate of 3.0xl0 5 g per hour per 
10 1 mole of titanium by the polymerization reaction. 

Example A3 4: 

A polymer was produced by the same method as in Example 
A32, except that a hexane solution of triisobutyl aluminum (40 
15 |iL f 1.0 M, manufactured by Kanto Chemical Co.) and 

dimethylanilinium tetrakis ( pentaf luorophenyl) borate (0.30 
jxmol) were used in place of MMAO. The polymer was produced at 
a rate of 2.3xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

20 

Example A3 5: 

A polymer was produced by the same method as in Example 
A32, except that a hexane solution of triisobutyl aluminum (40 
[xL, 1.0 M, manufactured by Kanto Chemical Co.) and 
25 triphenylmethyl tetrakis ( pentaf luorophenyl ) borate (0.30 nmol ) 
were used in place of MMAO. The polymer was produced at a rate 
of 2 . 6xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 
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Example A3 6: 

Toluene (5.0 mL) and 1-hexene (60 ^L) were added to an 
autoclave under nitrogen. After stabilizing at 40°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 niranol) and complex A13 (0.10 jim o1 ) were added to the 
autoclave, and the mixture was allowed to polymerize. The 
polymer with a molecular weight (Mw) of 2.5x 10 6 , molecular weight 
distribution (Mw/Mn) of 25.6 and a melting point (Tm) of 102. 0°C 
was produced at a rate of 2 . 2xl0 6 g per hour per 1 mole of titanium 
by the polymerization reaction. 

Example A3 7: 

A polymer was produced by the same method as in Example 
A36, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenyl borane (0.30 (junol ) were used in place of MMAO . 
The polymer was produced at a rate of 3.00xl0 5 g per hour per 
1 mole of titanium by the polymerization reaction. 

Example A3 8: 

A polymer was produced by the same method as in Example 
A36, except that a hexane solution of triisobutyl aluminum (40 
\xL, 1.0 M, manufactured by Kanto Chemical Co.) and 
dimethylanilinium tetrakis (pentaf luorophenyl ) borate (0.30 
(junol) were used in place of MMAO. The polymer was produced at 
a rate of 1.7xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Example A3 9: 
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A polymer was produced by the same method as in Example 
A36, except that a hexane solution of triisobutyl aluminum (40 

1.0 M, manufactured by Kanto Chemical Co,) and 
triphenylmethyl tetrakis ( pentaf luorophenyl ) borate (0.30 \xmol ) 
were used in place of MMAO. The polymer with a molecular weight 
(Mw) of 2.89x 10 6 , molecular weight distribution (Mw/Mn) of 8.4 
and a melting point (Tm) of 107. 1°C was produced at a rate of 
1.9xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 

Example A40: 

Toluene (5.0 mL) was added to an autoclave under. After 
stabilizing at 40°C , ethylene was fed while the ethylene pressure 
was adjusted at 0 . 60 MPa. MMAO ( 100 jimmol) and complex A14 (0 . 10 
Hmol) were added to the autoclave, and the mixture was allowed 
to polymerize for 20 minutes. The polymer was produced at a 
rate of 4.5xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Example A41: 

A polymer was produced by the same method as in Example 
A40, except that a hexane solution of triisobutyl aluminum (40 
[iL t 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenylborane (0.30 |jmol) were used in place of MMAO. 
The polymer was produced at a rate of 4.0xl0 5 g per hour per 
1 mole of titanium by the polymerization reaction. 

Example A42: 

A polymer was produced by the same method as in Example 



284 



A40, except that a hexane solution of triisobutyl aluminum (40 
\xL, 1.0 M, manufactured by Kanto Chemical Co.) and 
dimethylanilinium tetrakis ( pentaf luorophenyl ) borate (0.30 
juunol) were used in place of MMAO. The polymer was produced at 
5 a rate of S.OxlO 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Example A43: 

A polymer was produced by the same method as in Example 
10 A40, except that a hexane solution of triisobutyl aluminum (40 
H,L, 1.0 M, manufactured by Kanto Chemical Co.) and 
triphenylmethyl tetrakis (pentaf luorophenyl) borate (0.30 Mmol) 
were used in place of MMAO. The polymer was produced at a rate 
of 6 . 2xl0 6 g per hour per 1 mole of titanium by the polymerization 
15 reaction. 

Example A44: 

Toluene (5.0 mL) and 1-hexene (60 (liL) were added to an 
autoclave under nitrogen and, after stabilizing at 40°C, ethylene 

20 was added with compression and was stabilized at 0.60 MPa . MMAO 
(100|immol) and complex A14 (O.lOymol) were added to the autoclave # 
and the mixture was allowed to polymerize. The polymer with 
a molecular weight (Mw) of 1.94xl0 6 , molecular weight 
distribution (Mw/Mn) of 2 . 4 and a melting point (Tm) of 123. 0°C 

25 was produced at a rate of 1 . 3xl0 6 g per hour per 1 mole of titanium 
by the polymerization reaction. 

Example A45 : 

A polymer was produced by the same method as in Example 
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A44, except that a hexane solution of triisobutyl aluminum (40 

1.0 M, manufactured by Kan to Chemical Co.) and 
pentaf luorophenylborane (0.30 ^mol) were used in place of MMAO. 
The polymer was produced at a rate of 2.00xl0 5 g per hour per 
5 1 mole of titanium by the polymerization reaction. 

Example A4 6: 

A polymer was produced by the same method as in Example 
A44, except that a hexane solution of triisobutyl aluminum (40 

10 [iL, 1.0 M, manufactured by Kanto Chemical Co.) and 

dimethylanilinium tetrakis ( pent af luorophenyl ) borate (0.30 
jimol) were used in place of MMAO. The polymer with a molecular 
weight (Mw) of 4.50xl0 6 , molecular weight distribution (Mw/Mn) 
of 1.3 and a melting point (Tm) of 119. 8°C was produced at a 

15 rate of 4.2xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction . 

Example A47: 

A polymer was produced by the same method as in Example 
20 A44, except that a hexane solution of triisobutyl aluminum (40 
\xL, 1.0 M, manufactured by Kanto Chemical Co.) and 
triphenylmethyl tetrakis ( pentaf luorophenyl ) borate (0.30 \xmol ) 
were used in place of MMAO. The polymer with a molecular weight 
(Mw) of 4.33xl0 6 , molecular weight distribution (Mw/Mn) of 1.4 
25 and a melting point (Tm) of 127. 1°C was produced at a rate of 
4.3xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 

Example Bl: Synthesis of compound Bl 
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B1 



A 1.56 M solution of n-butyl lithium in hexane (14.1 mL) 
was dripped into an ether solution (57.0 mL) of 
N,N-dimethylbenzylamine (2.70 g, 20.0 mmol) at 0°C, and the 
reaction mixture was warmed to room temperature then stirred 
5 for 24 hours. The mixture was cooled to -78°C, and an ether 
solution ( 77 . 0 mL ) of phosphorous trichloride ( 5 . 49 g , 40.0 mmol ) 
was added followed by warming to room temperature then stirred 
for 2 hours . Compound Bl was quantitatively obtained by removing 
the solvent from the filtrate in vacuum after removing insoluble 
10 materials by filtration. 

1 H NMR(CD 2 C1 2 ) d2.46(6H> 4.02(2H)> 7.29-8.53(4H) 
31 PNMR(CD 2 Cl 2 ) 115.6 

Examples B2 : Synthesis of compound B2 




15 A 1.56 M of n-butyl lithium solution in hexane (28.2 mL) 

was added dropwise into a tetrahydrof uran solution (131.4 mL) 
of 2-tert-butyl-l-methoxymethoxy-4-methylbenzne (8.33 g, 40 
mmol) at -78C, and the mixture was warmed to room temperature 
then stirred for 1 hour. The reaction mixture was cooled to 

20 -78°C, and a tetrahydrof uran solution (56.3 mL) of compound Bl 
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(4.72 g, 20,0 mmol) was added followed by warming to room 
temperature with stirring for 10 hours . The reaction was stopped 
by adding deionized water (100.0 mL) and toluene (100 mL) . The 
organic layer was washed with saturated aqueous sodium chloride 
5 solution ( 100 mL ) followed by removing the solvent by evaporation 
to obtain a pale yellow oil as a desired product. The product 
was purified by silica gel column chromatography (hexane/ethyl 
acetate = 10/1) to obtain compound B2 as a white solid (4.35 
g, yield 37.5%) . 

10 1 H NMR(CDC1 3 ) dl.40(18H> 2.09(6H)> 2.10(6H> 3.50(6H> 3.55(2H> 5.16-5.19(4H> 
6.35(2H)> 6.86-7.47(6H) 
MS 536(M+1) 

Example B3 : Synthesis of compound B2 

15 A hexane solution ( 1 . 56 M) of n-butyl lithium was dripped 

into an ether solution of N,N-dimethylbenzylamine at 0°C, and 
the solution is warmed to room temperature with stirring for 
24 hours. The mixture is cooled to -78°C, and an ether solution 
of compound Al is added followed by warming to room temperature 

20 with stirring for 10 hours . Compound B2 is obtained by removing 
the solvent from the filtrate in vacuum after removing insoluble 
substances by filtration. 

Example B4: Synthesis of compound B3 




\/ 



B3 
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Acetyl chloride ( 0 . 79 g, 10 . 0 mmol) was added to a solution 
of compound B2 (0.95 g, 1.64 mol) in a mixed solvent (57.0 mL) 
of ethyl acetate and methanol (1/1) at room temperature, and 
the solution was stirred at room temperature for 15 hours. 
5 Compound B3 was obtained as a white solid ( 403, 5 mg, yield 49.8%) 
by removing the solvent by evaporation in vacuum. 
1 H NMR(CDC1 3 ) dl.41(18H> 2.25(6H)> 3.01(6H> 4.63(2H)> 6.31(2H> 7.06-8.81(6H) 
31 PNMR(C 6 D 6 )d-26.9 

10 Example B5: Synthesis of complex B4 




A toluene solution (6.70 mL) of titanium tetrachloride 
(0.40 g, 2.10 mmol) was added dropwise into a toluene solution 
(6.70 mL) of compound B2 (0.58 g, 1.00 mmol) at -78°C, and the 
mixture was stirred at room temperature for 10 hours. Complex 
15 B4 was quantitatively obtained as a brown solid by washing with 
pentane (2 mL) after removing the solvent by distillation. 
1 H NMR(C 6 D 6 ) dl.59(18H> 2.05(6H> 2.41(6H> 3.77(2H> 6.84(2H> 6.99-7.89(6H) 
31 PNMR(C 6 D 6 )d28.3 
EI-MS 607(M-1) 

20 

Example B6: Synthesis of complex B5 
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A n-butyl lithium solution (1.56 M) in hexane (1.53 mL) 
was added into a solution of compound B3 (0.42 g, 0.80 mmol) 
in tetrahydrof uran (7.14mL) at -78°C, and the mixture was warmed 
to room temperature with stirring for 1 hour. The reaction 
5 mixture was added into a solution of zirconium tetrachloride 
bis (tetrahydrof uran) complex (0.30 g, 0.80 mol) in 
tetrahydrof uran ( 7 . 14 mL ) at - 78°C . After stirring the solution 
for 10 hours at room temperature, 10.0 mL of toluene was added. 
Complex B5 was obtained as a white solid (270 mg, yield 50%) 
10 by removing the solvent from the filtrate in vacuum after removing 
insoluble materials by filtration. 
EI-MS: 649 (M-l) 



Examples of polymerization reaction 

15 Example B7: 

Toluene ( 5 . 0 mL ) was added in an autoclave under nitrogen . 
After stabilizing at 40°C, ethylene was fed while the ethylene 
pressure was adjusted at 0 . 60MPa. Methyl aluminoxane ( 100 ^mol) 
and complex B4 (0.10 (nmmol) were added in the autoclave to 

20 polymerize the mixture for 5 minutes. A polymer was produced 
at a rate of 3.62xl0 7 g per hour per 1 mol of titanium by the 
polymerization reaction. 
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Example B8 : 

A polymer was produced by the same method as in Example 
B6 by polymerization for 20 minutes, except that ahexane solution 
of triisobutyl aluminum (40 [iL, 1.0 M, manufactured by Kanto 
5 Chemical Co . ) and pentaf luorophenylborane (0.30 nmol ) were used 
in place of methyl aluminoxane. The polymer was produced at 
a rate of 6.00xl0 5 g per hour per 1 mol of titanium by 
polymerization . 

10 Example B9: 

A polymer was produced by the same method as in Example 
B6 by polymerization for 18 minutes , except that ahexane solution 
of triisobutyl aluminum (40 [xL, 1.0 M, manufactured by Kanto 
Chemical Co . ) and dimethylanilinium 

15 tetrakis ( pentaf luorophenyl) borate (0.30 ^imo 1 ) were used in 
place of methyl aluminoxane. The polymer was produced at a rate 
of 6.90xl0 6 g per hour per 1 mol of titanium by polymerization. 

Example B10: 

20 A polymer was produced by the same method as in Example 

B6 by polymerization for 14 minutes , except that ahexane solution 
of triisobutyl aluminum (40 \iL , 1.0 M, manufactured by Kanto 
Chemical Co . ) and triphenylmethyl 

tetrakis (pentaf luorophenyl) borate (0.30 jimol) were used in 
25 place of methyl aluminoxane . The polymer was produced at a rate 
of 8.80xl0 6 g per hour per 1 mol of titanium by polymerization. 

Example Bll: 

Toluene (5.0 mL) and 1-hexene (60 \iL) were added in an 
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autoclave under nitrogen. After stabilizing at 40°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
Methyl aluminoxane (100 jxmol) and complex B4 (0.10 nmmol) were 
added in the autoclave to polymerize the mixture for 9 minutes . 
A polymer was produced at a rate of 2.01xl0 7 g per hour per 1 
mol of titanium by the polymerization reaction. 

Example B12: 

A polymer was produced by the same method as in Example 
B10 by polymerization for 20 minutes, except that a hexane 
solution of triisobutyl aluminum (40 (J.L, 1.0 M, manufactured 
by Kanto Chemical Co. ) and pentaf luorophenylborane (0.30 jxmol) 
were used in place of methyl aluminoxane. The polymer was 
produced at a rate of 5.00x10 s g per hour per 1 mol of titanium 
by polymerization. 

Example B13: 

A polymer was produced by the same method as in Example 
B10 by polymerization for 20 minutes, except that a hexane 
solution of triisobutyl aluminum (40 p,L, 1.0 M, manufactured 
by Kanto Chemical Co.) and dimethylanilinium 
tetrakis (pentaf luorophenyl) borate (0.30 jimol) were used in 
place of methyl aluminoxane . The polymer with a molecular weight 
(Mw) of 1.97xl0 6 , molecular weight distribution (Mw/Mn) of 1.6 
and a melting point (Tm) of 117. 9°C was produced at a rate of 
5.50xl0 6 g per hour per 1 mol of titanium by polymerization. 

Example B14 : 

A polymer was produced by the same method as in Example 
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BIO by polymerization for 14 minutes, except that a hexane 
solution of triisobutyl aluminum (40 \iL, 1.0 M, manufactured 
by Kanto Chemical Co.) and triphenylmethyl 

tetrakis(pentafluorophenyl) borate (0.30 \xmol) were used in 
place of methyl aluminoxane . The polymer with a molecular weight 
(Mw) of 7.61xl0 6 , molecular weight distribution (Mw/Mn) of 1.6 
and a melting point (Tm) of 113. 1°C was produced at a rate of 
1.04xl0 7 g per hour per 1 mol of titanium by polymerization. 

Example B15: 

Toluene ( 5 . 0 mL ) was added in an autoclave under nitrogen . 
After stabilizing at 40°C, ethylene was fed while the ethylene 
pressure was adjusted at 0 . 60 MPa . Methyl aluminoxane ( 100 jrnnol ) 
and complex B5 (0.10 nmmol) were added in the autoclave to 
polymerize the mixture for 20 minutes. A polymer was produced 
at a rate of 4.90xl0 6 g per hour per 1 mol of titanium by the 
polymerization reaction. 

Example B16: 

A polymer was produced by the same method as in Example 
B14, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenylborane (0.30 ^mol) were used in place of methyl 
aluminoxane. The polymer was produced at a rate of 3.00xl0 5 
g per hour per 1 mol of zirconium by polymerization. 

Example B17: 

A polymer was produced by the same method as in Example 
B14 by polymerization for 20 minutes, except that a hexane 
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solution of triisobutyl aluminum (40 piL, 1.0 M, manufactured 
by Kanto Chemical Co . ) and dimethylanilinium 
tetrakis(pentaf luorophenyl) borate (0.30 nmol) were used in 
place of methyl aluminoxane. The polymer was produced at a rate 
5 of 5.50xl0 6 g per hour per 1 mol of zirconium by polymerization. 

Example B18: 

A polymer was produced by the same method as in Example 
B14 by polymerization for 17 minutes, except that a hexane 
10 solution of triisobutyl aluminum (40 |LiL, 1.0 M, manufactured 
by Kanto Chemical Co . ) and triphenylmethyl 

tetrakis(pentaf luorophenyl) borate (0.30 pmol) were used in 
place of methyl aluminoxane. The polymer was produced at a rate 
of 7 .30xl0 6 g per hour per 1 mol of zirconium by polymerization. 

15 

Example B19: 

Toluene (5.0 mL) and 1-hexene (60 jiL) were added in an 
autoclave under nitrogen. After stabilizing at 40°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 

20 Methyl aluminoxane (100 (imol) and complex B5 (0.10 (Limmol) were 
added in the autoclave to polymerize the mixture for 20 minutes . 
A polymer with a molecular weight (Mw) of 2.40 xlO 5 , molecular 
weight distribution (Mw/Mn) of 31.2 and a melting point (Tm) 
of 130. 6°C was produced at a rate of 4.60xl0 6 g per hour per 

25 1 mol of zirconium by the polymerization reaction. 

Example B20: 

A polymer was produced by the same method as in Example 
B18 by polymerization for 20 minutes, except that a hexane 
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solution of triisobutyl aluminum (40 [iL, 1.0 M, manufactured 
by Kanto Chemical Co. ) and pentaf luorophenylborane (0.30 jxmol) 
were used in place of methyl aluminoxane. The polymer was 
produced at a rate of 4.00xl0 5 g per hour per 1 mol of zirconium 
5 by polymerization. 

Example B21: 

A polymer was produced by the same method as in Example 
B18 by polymerization for 20 minutes, except that a hexane 

10 solution of triisobutyl aluminum (40 nL, 1.0 M, manufactured 
by Kanto Chemical Co . ) and dimethylanilinium 
tetrakis ( pentaf luorophenyl) borate (0.30 n™ 01 ) were used in 
place of methyl aluminoxane . The polymer with a molecular weight 
(Mw) of 4.00 xlO 3 , molecular weight distribution (Mw/Mn) of 1.4, 

15 a melting point (Tm) of 127. 6°C and a number of branches of Me 
per 1000 carbon atoms of 13 was produced at a rate of S.lOxlO 6 
g per hour per 1 mol of zirconium by the polymerization reaction. 

Example B22: 

20 A polymer was produced by the same method as in Example 

B18 by polymerization for 11 minutes, except that a hexane 
solution of triisobutyl aluminum (40 [iL, 1.0 M, manufactured 
by Kanto Chemical Co . ) and triphenylmethyl 

tetrakis (pentaf luorophenyl) borate (0.30 nmol) were used in 
2 5 place of methyl aluminoxane . The polymer with a molecular weight 
(Mw) of 4.50 xlO 3 , molecular weight distribution (Mw/Mn) of 1.5, 
a melting point (Tm) of 129. 3°C and a number of branches of Me 
per 1000 carbon atoms of 20 was produced at a rate of 1.03xl0 7 
g per hour per 1 mol of zirconium by the polymerization reaction. 
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Example CI: Synthesis of compound CI 




Sodium borohydride (0.03 g, 0,83 mmol) was added to an 
5 ethanol solution (5.76 mL) of compound A6 (0.45 g, 0.75 mmol) 
at room temperature, and the mixture was stirred for 2 hours. 
The reaction was stopped by adding deionized water (10.0 mL) 
and toluene (lO.OmL) . After washing the separated organic layer 
with a saturated aqueous solution (10.0 mL) of sodium chloride, 
10 the solvent was removed by evaporation to quantitatively obtain 
compound CI as a white solid. 

1 H NMR(CDC1 3 ) d0.98(9H> 1.32(18H> 2.03(6H> 3.38(6H> 3.3(2H> 5.05(4H> 
6.35(2H> 6.78(2H> 7.01-7.20(4H)> 7.37(1H) 

15 Example C2 : Synthesis of compound C2 




Acetyl chloride (0.32 g f 4.03 mmol) was added to a solution 
(20.0 mL) of compound C5 (0.49 g, 0.81 mmol) in a mixed solvent 
(20.0mL) of ethyl acetate and methanol (1/1) at room temperature, 
and the mixture was stirred for 15 minutes. Compound C2 was 
20 obtained as a white solid (345.0 mg, yield 76.7%) by removing 

296 



the solvent by evaporation in vacuum. 

1 HNMR(CDCl 3 )dl.21(9H> 1.40(18H> 2.13(6H> 3.87(2H)> 6.38(2H> 7.01-7.37(5H> 
7.71(1H> 9.26(2H) 



5 Example C3: Synthesis of compound C3 




C3 



Sodium chloride is added to a tetrahydrof uran solution 
of compound C6 with stirring. The reaction is stopped by adding 
deionized solution, the organic layer is separated and compound 
C3 is obtained by removing the solvent by evaporation. 



A tetrahydrof uran solution (3.11 mL) of compound C 6 (0.35 
g, 0.62 mmol was added into a tetrahydrof uran solution (2.33 
mL) of 60% sodium hydride (0.15 g, 3.72 mmol) at -78°C, and the 
15 mixture was warmed to room temperature and then stirred for 1 
hour. The reaction mixture was added into a tetrahydrof uran 
solution (2.33 mL) of titanium tetrachloride 

bis (tetrahydrof uran) complex (0.21 g, 0.62 mmol) at -78°C. The 
solution was warmed to room temperature with stirring for 10 



10 



Example C4: Synthesis of complex C4 




C4 
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hours , and toluene (5.0mL) was added after removing the solvent 
by evaporation in vacuum. Complex C4 (258,5 mg, 61.5%) was 
obtained as a red solid by removing the solvent form the filtrate 
in vacuum after removing insoluble materials by filtration. 
5 1 H NMR(C 6 D 6 ) d0.88(9H> 1.34(18H> 1.68(6H), 3.80(2H> 6.60-7.88(8H) 
EI-MS 600(M + ) 

Examples of polymerization reaction 
Example C5: 

Toluene ( 5 . 0 mL) was added to an autoclave under nitrogen. 
After stabilizing at 40°C, ethylene was fed while the ethylene 
pressure was adjusted at 0.60 MPa. MMAO ( 100 nmmol) and complex 
C4 (0.10 jxmol) were added to the autoclave, and the mixture was 
allowed to polymerize for 20 minutes. The polymer was produced 
at a rate of 3.4xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Example C6 : 

A polymer was produced by the same method as in Example 
20 C5, except that a hexane solution of triisobutyl aluminum (40 
[xL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenyl borane (0 .30 fxmol) were used in place of MMAO. 
The polymer was produced at a rate of 1.3xl0 6 g per hour per 
1 mole of titanium by the polymerization reaction. 

25 

Example C7: 

A polymer was produced by the same method as in Example 
C5, except that a hexane solution of triisobutyl aluminum (40 
\iL t 1.0 M, manufactured by Kanto Chemical Co.) and 
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15 



dimethylanilinium tetrakis ( pentaf luorophenyl ) borate (0.30 
ixmol) were used in place of MMAO. The polymer was produced at 
a rate of 3.1xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

5 

Example C8: 

A polymer was produced by the same method as in Example 
C5, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1 . 0 M , manufactured by Kanto Chemical Co . ) and triphenylmthyl 
10 tetrakis (pentaf luorophenyl) borate (0.30 tunol) were used in 
place of MMAO. The polymer was produced at a rate of S.OxlO 6 
g per hour per 1 mole of titanium by the polymerization reaction. 

Example C9 : 

15 Toluene (5.0 mL) and 1-hexene (60 ^L) were added to an 

autoclave under nitrogen. After stabilizing at 40°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 jjimmol) and complex C4 (0.10 jxmol) were added to the 
autoclave, and the mixture was allowed to polymerize for 20 

20 minutes. The polymer with a molecular weight (Mw) of 1.39xl0 6 , 
molecular weight distribution (Mw/Mn) of 8 . 1 and melting point 
(Tm) of 122. 6°C was produced at a rate of 3.0xl0 6 g per hour 
per 1 mole of titanium by the polymerization reaction. 

25 Example C10: 

A polymer was produced by the same method as in Example 
C9, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenylborane (0. 30 jxmol) were used in place of MMAO. 
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The polymer with a molecular weight (Mw) of 1.84xl0 6 , molecular 
weight distribution (Mw/Mn) of 19.0 and melting point (Tm) of 
124. 5°C was produced at a rate of 2.1xl0 6 g per hour per 1 mole 
of titanium by the polymerization reaction. 

5 

Example Cll: 

A polymer was produced by the same method as in Example 
C9, except that a hexane solution of triisobutyl aluminum (40 
|j,L, 1.0 M, manufactured by Kanto Chemical Co.) and 

10 dimethylanilinium terakis (pentaf luorophneyl) borate (0.30 

jimol) were used in place of MMAO. The polymer with a molecular 
weight (Mw) of 1.94xl0 6 , molecular weight distribution (Mw/Mn) 
of 48.7, melting point (Tm) of 122. 9°C and a number of branches 
of Me per 1000 carbon atoms of 3 was produced at a rate of 2 . 6xl0 6 

15 g per hour per 1 mole of titanium by the polymerization reaction. 



Example C12: 

A polymer was produced by the same method as in Example 
C9, except that a hexane solution of triisobutyl aluminum (40 

20 \iL, 1.0 M, manufactured by Kanto Chemical Co.) and 

triphenylmethyl terakis (pentaf luorophneyl) borate (0.30 ^unol) 
were used in place of MMAO. The polymer with a molecular weight 
(Mw) of 3.22xl0 6 , molecular weigh distribution (Mw/Mn) of 241.9, 
andmelting point (Tm) of 120 . 6°C was produced at a rate of 4 . 5xl0 6 

25 g per hour per 1 mole of titanium by the polymerization reaction . 



Example CI 3: 

Toluene (5.0 mL) and 1-hexene (60 \iL) were added to an 
autoclave under nitrogen. After stabilizing at 70°C, ethylene 
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was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 jxmmol) and complex C4 (0.10 pmol) were added to the 
autoclave, and the mixture was allowed to polymerize for 20 
minutes. The polymer with a molecular weight (Mw) of 1.51xl0 6 # 
5 molecular weight distribution (Mw/Mn) of 3 . 4 and melting point 
(Tm) of 128. 0°C was produced at a rate of 2.3xl0 6 g per hour 
per 1 mole of titanium by the polymerization reaction. 

Example CI 4: 

10 A polymer was produced by the same method as in Example 

C13, except that a hexane solution of triisobutyl aluminum (40 
^iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenylborane (0.30 |jmol) were used in place of MMAO. 
The polymer was produced at a rate of 3.0x10 s g per hour per 

15 1 mole of titanium by the polymerization reaction. 

Example CI 5: 

A polymer was produced by the same method as in Example 
C13 # except that a hexane solution of triisobutyl aluminum (40 

20 ^L, 1.0 M, manufactured by Kanto Chemical Co.) and 

dimethylanilinium terakis ( pentaf luorophneyl ) borate (0.30 
jxmol) were used in place of MMAO. The polymer with a molecular 
weight (Mw) of 1.57xl0 6 , molecular weigh distribution (Mw/Mn) 
of 4.3, and melting point (Tm) of 121. 0°C was produced at a rate 

25 of 2 . 3xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction . 

Example CI 6: 

A polymer was produced by the same method as in Example 
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C13, except that a hexane solution of triisobutyl aluminum (40 
[iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
triphenylmethyl terakis (pentaf luorophneyl ) borate (0.30 ^mol) 
were used in place of MMAO. The polymer with a molecular weight 
5 (Mw) of 8.0x10 s , molecular weigh distribution (Mw/Mn) of 2.2, 
and melting point ( Tm) of 120 . 4°C was produced at a rate of 2 . 0x10 s 
g per hour per 1 mole of titanium by the polymerization reaction. 

Example CI 7: 

10 Toluene (5.0 mL) and 1-hexene (60 |xL) were added to an 

autoclave under nitrogen. After stabilizing at 130°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 nmmol) and complex C4 (0.10 punol) were added to the 
autoclave, and the mixture was allowed to polymerize. The 

15 polymer was produced at a rate of 9.0xl0 5 g per hour per 1 mole 
of titanium by the polymerization reaction. 

Example CI 8: 

A polymer was produced by the same method as in Example 
20 C17, except that a hexane solution of triisobutyl aluminum (40 
jaL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenylborane (0.30 jxmol) were used in place of MMAO. 
The polymer was produced at a rate of 2.0xl0 5 g per hour per 
1 mole of titanium by the polymerization reaction. 

25 

Example CI 9: 

A polymer was produced by the same method as in Example 
C17, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
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dimethylanilinium tetrakis ( pentaf luorophenyl ) borate (0.30 
fxmol) were used In place of MMAO . The polymer was produced at 
a rate of 1.20xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

5 

Example C20: 

A polymer was produced by the same method as in Example 
C17, except that a hexane solution of triisobutyl aluminum (40 
\iL. 1.0 M, manufactured by Kanto Chemical Co.) and 
10 triphenylmethyl tetrakis (pentaf luorophenyl) borate (0.30 (xmol) 
were used in place of MMAO. The polymer was produced at a rate 
of 7 . OxlO 5 g per hour per 1 mole of titanium by the polymerization 
reaction. 

15 Example C21: 

Toluene (5.0 mL) and 1-hexene (50 jxL) were added to an 
autoclave under nitrogen. After stabilizing at 70°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 nmmol) and complex C4 (0.10 fjmol) were added to the 

20 autoclave, and the mixture was allowed to polymerize for 20 
minutes. The polymer with a molecular weight (Mw) of 1.5xl0 6 , 
molecular weigh distribution (Mw/Mn) of 3.4, and melting point 
(Tm) of 118. 0°C was produced at a rate of 2.3xl0 6 g per hour 
per 1 mole of titanium by the polymerization reaction. 

25 

Example C22 : 

A polymer was produced by the same method as in Example 
C21, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 

303 



pentaf luorophenylborane (0.30 jimol) were used in place of MMAO. 
The polymer was produced at a rate of 3.0xl0 5 g per hour per 
1 mole of titanium by the polymerization reaction. 

5 Example C23: 

A polymer was produced by the same method as in Example 
C21, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
dimethylanilinium tetrakis ( pentaf luorophenyl ) borate (0.30 
10 nmol) were used in place of MMAO. The polymer with a molecular 
weight (Mw) of 1.6xl0 6 , molecular weigh distribution (Mw/Mn) 
of 4.3, and melting point (Tm) of 121. 0°C was produced at a rate 
of 2 . 3xl0 5 g per hour per 1 mole of titanium by the polymerization 
reaction. 

15 

Example C24: 

A polymer was produced by the same method as in Example 
C21, except that a hexane solution of triisobutyl aluminum (40 
fxL, 1.0 M, manufactured by Kanto Chemical Co.) and 
20 triphenylmethyl tetrakis (pentaf luorophenyl ) borate (0.30 jimol) 
were used in place of MMAO. The polymer with a molecular weight 
(Mw) of 8.0x10 s , molecular weigh distribution (Mw/Mn) of 2 . 2 
and melting point (Tm) of 120.4°C was produced at a rate of 2.0xl0 5 
g per hour per 1 mole of titanium by the polymerization reaction. 

25 

Example C25: 

Toluene (5.0 mL) and 1-hexene (40 \xL) were added to an 
autoclave under nitrogen. After stabilizing at 130°C, ethylene 
was added with compression and was stabilized at 0.60 MPa. MMAO 



(100 (xmmol) and complex C4 (0. 10 pmol) were added to the autoclave , 
and the mixture was allowed to polymerize for 5 minutes. The 
polymer was produced at a rate of 9.0xl0 5 g per hour per 1 mole 
of titanium by the polymerization reaction. 

5 

Example C26: 

A polymer was produced by the same method as in Example 
C25, except that a hexane solution of triisobutyl aluminum (40 
jxL, -1.0 M, manufactured by Kanto Chemical Co.) and 
10 pentaf luorophenylborane ( 0 . 30 (xmol) were used in place of MMAO. 
The polymer was produced at a rate of 2.0xl0 5 g per hour per 
1 mole of titanium by the polymerization reaction. 

Example C27: 

15 A polymer was produced by the same method as in Example 

C25, except that a hexane solution of triisobutyl aluminum (40 
[XL, 1.0 M, manufactured by Kanto Chemical Co.) and 
dimethylanilinium tetrakis ( pentaf luorophenyl ) borane (0.30 
Hmol) were used in place of MMAO. The polymer was produced at 

20 a rate of 1.2xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Example C28: 

A polymer was produced by the same method as in Example 
25 C25, except that a hexane solution of triisobutyl aluminum (40 
(jli, 1.0 M, manufactured by Kanto Chemical Co.) and 
triphenylmethyl tetrakis ( pentaf luorophenyl ) borane (0.30 \xmol ) 
were used in place of MMAO. The polymer was produced at a rate 
of 7 . OxlO 5 g per hour per 1 mole of titanium by the polymerization 
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reaction. 



Example Dl : Synthesis of compound Dl 




o o 




o o 



H 




O 



D1 



OH 



A4 



Sodium borohydride (0.95 g, 25.0 mmol) was added to a 
solution of compound A4 (2.75 g, 5.0 mmol) in ethanol (350 mL) 
at room temperature, and the mixture was stirred for 3 hours. 
The reaction was stopped by adding deionized water (100.0 mL) 
and toluene (100.0 mL), and the organic layer was washed with 
a saturated aqueous solution (70 mL) of sodium chloride followed 
by drying the organic layer over sodium sulfate . A crude product 
was obtained as a yellow oil by removing the solvent by evaporation . 
The crude product was purified by silica gel column 
chromatography (hexane/ethyl acetate - 10/1 4/1) to obtain 
compound D as a white solid (2.00 g, yield 74.1%). 
1 H NMR(CDCl3 ) dl.39(18H)» 2.12(6H> 3.47(6H), 4.80(2H> 5.16-5.21(4H> 6.35(2H> 
6.90(1H)> 7.14-7.61(5H) 

Example D2 : Synthesis of compound D2 




D2 



306 



Acetyl chloride (0.64 g, 8.14 mmol) was added to a solution 
of compound Dl (1.5 g, 2.71 mmol) in a 1/1 mixed solvent (60.0 
mL) of ethyl acetate and methanol at room temperature and the 
mixture was stirred for 15 hours. Compound D2 was obtained as 
5 a white solid (1.06 g, yield 84.5%) by removing the solvent by 
evaporation in vacuum 

1 H NMR(C 6 D 6 ) dl.46(18H> 1.82(6H)> 5.07(2H)> 6.17-7.32(8H> 9.38(2H) 
MS Spectrum (EI) 464(M+) 

10 Example D3 : Synthesis of transition metal complex 

A 1.57 M hexane solution (1.91 mL) of n-butyl lithium was 
added dropwise into a tetrahydrof uran solution (7.85 mL) of 
compound D2 (0.46 g, 1.00 mmol) at -78°C, and the reaction mixture 
was warmed to room temperature then stirred for 1 hour. The 

15 mixed reaction solution was dripped into a tetrahydrof uran 
solution (7.85 mL) of titanium tetrachloride 

bis (tetrahyrdof uran) complex (0.33 g, 1.00 mmol) at -78°C. The 
solution was warmed to room temperature and the mixture was 
stirred for 10 hours. After removing the solvent by evaporation 
20 in vacuum, toluene (10.0 mL) was added and insoluble materials 
were removed by filtration. The transition metal complex was 
obtained as a red solid (330 mg) by removing the solvent from 
the filtrate in vacuum. 
31 P NMR(C 6 D 6 ) 5-1.18 

25 MS pectrum (EI) 971 

Example of Polymerization Reaction 
Example D4 : 

Toluene ( 5 . 0 mL ) was added to an autoclave under nitrogen . 
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After stabilizing at 40°C, ethylene was fed while the ethylene 
pressure was adjusted at 0.60 MPa. MMAO (100 ^uranol) and 
transition metal complex D3 (0.10 pmol) obtained in Example D3 
were added to the autoclave, and the mixture was allowed to 
5 polymerize for 20 minutes. The polymer was produced at a rate 
of 6 . 8xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 

Example D5 : 

10 A polymer was produced by the same method as in Example 

D4, except that a hexane solution of triisobutyl aluminum (40 
|aL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenyl borane ( 0 . 30 juimol) were used in place of MMAO. 
The polymer was produced at a rate of 1.0x10 s g per hour per 

15 1 mole of titanium by the polymerization reaction. 

Example D6 : 

A polymer was produced by the same method as in Example 
D4, except that a hexane solution of triisobutyl aluminum (40 
20 [XL, 1.0 M, manufactured by Kanto Chemical Co.) and 

dimethylanilinium tetrakis ( pentaf luorophenyl borate (0.30 
Hmol) were used in place of MMAO. The polymer was produced at 
a rate of 3.0xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

25 

Example D7 : 

A polymer was produced by the same method as in Example 
D4 , except that a hexane solution of triisobutyl aluminum (40 
jxL, 1.0 M, manufactured by Kanto Chemical Co.) and 



triphenylmethyl tetrakis (pentaf luorophenyl borate (0.30 (wnol) 
were used in place of MMAO. The polymer was produced at a rate 
of 3 . 2xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 

5 

Example D8: 

Toluene (5.0 mL) and 1-hexene (60 \xL) were added to an 
autoclave under nitrogen. After stabilizing at 40°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 

10 MMAO (100 jjmmol) and transition metal complex (0.10 ^mol) 

obtained in Example D3 were added to the autoclave , and the mixture 
was allowed to polymerize for 20 minutes. The polymer with a 
molecular weight (Mw) of 3.1xl0 6 , molecular weigh distribution 
(Mw/Mn) of 2.6 and melting point (Tm) of 104. 7°C was produced 

15 at a rate of 5.7xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Example D9: 

A polymer was produced by the same method as in Example 
20 D8, except that a hexane solution of triisobutyl aluminum (40 
|xL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenylborane (0.30 |omol) were used in place of MMAO. 
The polymer was produced at a rate of 1.0x10 s g per hour per 
1 mole of titanium by the polymerization reaction. 

25 

Example D10: 

A polymer was produced by the same method as in Example 
D8, except that a hexane solution of triisobutyl aluminum (40 
|mL # 1.0 M, manufactured by Kanto Chemical Co.) and 



] 

,) 



dimethylanilinium tetrakis ( pentaf luorophenyl ) borate (0.30 
^unol) were used in place of MMAO. The polymer with a molecular 
weight (Mw) of 5.3x10 s , molecular weigh distribution (Mw/Mn) 
of 10.1 and melting point (Tm) of 135. 5°C was produced at a rate 
5 of 2 . 6xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 

Example Dll : 

A polymer was produced by the same method as in Example 
10 D8, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
triphenylmethyl tetrakis (pentaf luorophenyl) borate (0 . 30 fxmol) 
were used in place of MMAO. The polymer with a molecular weight 
(Mw) of 1.7xl0 6 , molecular weigh distribution (Mw/Mn) of 22.8 
15 and melting point (Tm) of 118 . 0°C was produced at a rate of 2 . 7xl0 6 
g per hour per 1 mole of titanium by the polymerization reaction . 

Example D12: 

Toluene (5.0 mL) and 1-hexene (50 \iL) were added to an 
20 autoclave under nitrogen. After stabilizing at 70°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 fxmmol) and transition metal complex (0.10 nmol) 
obtained in Example D3 were added to the autoclave , and the mixture 
was allowed to polymerize for 20 minutes. The polymer with a 
25 molecular weight (Mw) of 2.1xl0 6 , molecular weigh distribution 
(Mw/Mn) of 5.1 and melting point (Tm) of 115. 5°C was produced 
at a rate of 4.4xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 
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Example D13: 

A polymer was produced by the same method as in Example 
D12, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
5 dimethylanilinium tetrakis(pentaf luorophenyl) borate (0.30 
Hmol) were used in place of MMAO. The polymer with a molecular 
weight (Mw) of 6.9xl0 5 , molecular weigh distribution (Mw/Mn) 
of 19.7 and melting point (Tm) of 118. 8°C was produced at a rate 
of 9 . OxlO 5 g per hour per 1 mole of titanium by the polymerization 
10 reaction. 

Example D14: 

A polymer was produced by the same method as in Example 
D12, except that a hexane solution of triisobutyl aluminum (40 
15 \iL, 1.0 M, manufactured by Kanto Chemical Co.) and 

triphenylmethyl tetrakis ( pentaf luorophenyl ) borate (0.30 [xmol ) 
were used in place of MMAO. The polymer was produced at a rate 
of 8 . 0x10 s g per hour per 1 mole of titanium by the polymerization 
reaction. 

20 

Example D15: 

Toluene (5.0 mL) and 1-hexene (40 \iL) were added to an 
autoclave under nitrogen. After stabilizing at 130°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
25 MMAO (100 fimmol) and transition metal complex (0.10 jxmol) 

obtained in Example D3 were added to the autoclave , and the mixture 
was allowed to polymerize for 5 minutes . The polymer was produced 
at a rate of 6. 0x10 s g per hour per 1 mole of titanium by the 
polymerization reaction . 
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Example D16: 

A polymer was produced by the same method as in Example 
D15, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
dimethylanilinium tetrakis ( pentaf luorophenyl ) borate (0.30 
ixmol) were used in place of MMAO. The polymer was produced at 
a rate of 3.0xl0 5 g per hour per 1 mole of titanium by the 
polymerization reaction. 



Example D17: 

A polymer was produced by the same method as in Example 
D15, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
15 triphenylmethyl tetrakis (pentaf luorophenyl) borate (0.30 jxmol) 
were used in place of MMAO. The polymer was produced at a rate 
of 6 . OxlO 5 g per hour per 1 mole of titanium by the polymerization 
reaction . 

20 Example El: Synthesis of compound El 





2 
A1 

A n-butyl lithium solution of (1.56 M) in n-hexane (21.2 
mL ) was added dropwise into a solution of pentaf luorobromobenzene 
(7.41 g, 30.0 mmol) in diethylether (116.8 mL) at -78°C and the 
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mixture was stirred for 1 hour. A diethylether solution (50,0 
mL) of compound Al (14.43 g, 30.0 mmol) was added to the mixture, 
and the resulting mixture was warmed to room temperature with 
stirring for 5 hours. The reaction was stopped by adding 
5 deionized water (100 mL) and toluene (100 mL) . After washing 
the organic layer with a saturated aqueous solution (100 mL) 
of sodium chloride, the solvent was removed by evaporation to 
obtain compound El as a white solid (17.9 g, yield 98.0%). 
L H NMR(CDC1 3 ) Sl.40(18H), 2.18(6H), 3.50(6H), 5 . 18 - 5 . 28 ( 4H ) , 
10 6.53(2H), 7.19(2H) 

31 P NMR(C 6 D 6 ) 6-30.7 

Example E2: Synthesis of compound El 



15 dropwise into a diethyl ether solution of 

2 - tert - butyl - 1 -methoxy- 4 -methylbenzene at - 7 8°C and the mixture 
was stirred for 1 hour. A diethylether solution of 
pentaf luorophenyl dichlorophosphine is added into the mixed 
reaction solution , and the solution is warmed to room temperature 

20 with stirring. Compound El can be obtained by applying the same 
post -treatment as in Example El. 

Example E3 : Synthesis of compound E2 



E2 

Acetyl chloride (2 . 65 g, 33.8 mmol) was added to a solution 
25 of compound El (4.14 g, 6.76 mmol) in a mixed solvent (65.0 mL) 



A 1.56 M hexane solution of n-butyl lithium is added 
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of ethyl acetate/methanol (1/1) at room temperature with stirring 
for 15 hours. Compound E2 was obtained as a white solid (2.55 
g, yield 72.0%) by removing the solvent by evaporation in vacuum. 
1 H NMR(CDCl3 ) Sl.40(18H), 2.21(6H), 6.81(2H), 7.17(2H) 
5 31 P NMR(C 6 D 6 ) 5-59.6 

19 FNMR(C 6 D 6 ) 6-161.5, -151.3, -130.7 

Example E4 : Synthesis of complex E3 




E3 

A toluene solution of titanium tetrachloride (O.llg, 0.60 
10 mmol) was dripped into a toluene solution (3.54 mL) of compound 
El (0.31 g, 0.50 mmol), and the solution was warmed to room 
temperature followed by stirring for 10 hours. Compound E3 was 
obtained as a red solid (208.7 mg, yield 65.2%) by removing the 
solvent from the filtrate after filtrating insoluble materials . 
15 1 HNMR(C 6 D 6 ) 6l.35-1.44(18H) f 1 • 84-2 . 01 ( 6H) , 6 . 89-7 . 01 ( 4H) 
31 P NMR(C 6 D 6 ) 50.36 

19 FNMR(C 6 D 6 ) 5-161.0, -149.1, -123.1 
EI-MS 640(M-1) 

20 Example E5: Synthesis of complex E4 
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E4 

A 1.56 M hexane solution (1.03 mL) of n-butyl lithium was 
added dropwise into a tetrahydrof uran solution (4.73 mL) of 
compound E2 (0.46 g, 0.80mmol) at -78°C, and the reaction mixture 
was warmed to room temperature then stirred for 1 hour. The 
5 reaction mixture was added into a tetrahydrof uran solution (10.0 
mL) of zirconium tetrachloride bis( tetrahydrof uran) complex 
(0.30 g , 0.80 mmol ) . The mixture was warmed to room temperature 
with stirring for 10 hours. After warming the solution to room 
temperature with stirring for 10 hours and removing the solvent 
10 by evaporation in vacuum, toluene ( 5 . 0 mL ) was added to the residue . 
Complex E4 was obtained as a white solid (249.5 mg, yield 45.4%) 
by removing the solvent from the filtrate after removing 
insoluble materials by filtration. 

X H NMR(CD 2 C1 2 ) Sl.31(18H), 2.21(6H), 6.93(2H), 7.09(2H) 
15 31 P NMR(CD 2 C1 2 ) 5-19.5 

19 F NMR(CD 2 C1 2 ) 5-161.6, -151.4, -124.1 
EI-MS 684(M+) 

Example of polymerization reaction 
20 Example E6 : 

Toluene ( 5 . 0 mL ) was added to an autoclave under nitrogen . 
After stabilizing at 40°C # ethylene was fed while the ethylene 
pressure was adjusted at 0.60 MPa. MMAO (100 pimmol) and 
transition metal complex (0.10 jumol ) obtained in Example E3 were 
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added to the autoclave , and the mixture was allowed to polymerize 
for 3 minutes. The polymer was produced at a rate of 5.99xl0 7 
g per hour per 1 mole of titanium by the polymerization reaction . 



5 Example E7 : 

A polymer was produced by the same method as in Example 
E6, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenylborane (0.30 jxmol) were used in place of MMAO. 
10 The polymer was produced at a rate of 1.3xl0 6 g per hour per 
1 mole of titanium by the polymerization reaction. 

Example E8 : 

A polymer was produced by the same method as in Example 
15 E6 by polymerization for 5 minutes , except that a hexane solution 
of triisobutyl aluminum (40 |xL # 1.0 M, manufactured by Kanto 
Chemical Co.) and dimethylanilinium 

tetrakis (pentaf luorophenyl) borate (0.30 jimol) were used in 
place of MMAO. The polymer was produced at a rate of 3.43xl0 7 
20 g per hour per 1 mole of titanium by the polymerization reaction . 

Example E9: 

A polymer was produced by the same method as in Example 
E6 by polymerization for 3.5 minutes, except that a hexane 
25 solution of triisobutyl aluminum (40 piL, 1.0 M, manufactured 
by Kanto Chemical Co.) and triphenylmethyl 

tetrakis (pentaf luorophenyl) borate (0.30 jxmol) were used in 
place of MMAO. The polymer was produced at a rate of 4.90xl0 7 
g per hour per 1 mole of titanium by the polymerization reaction. 
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Example E10: 

Toluene (5.0 mL) and 1-hexene (60 |liL) were added to an 
autoclave under nitrogen. After stabilizing at 40°C, ethylene 
5 was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 jjmmol) and complex E3 (0.10 jxmol) were added to the 
autoclave, and the mixture was allowed to polymerize for 3.6 
minutes. The polymer with a molecular weight (Mw) of 7.3xl0 4 , 
molecular weigh distribution (Mw/Mn) of 2.7, a melting point 
10 (Tm) of 118.2°C and a number of branching of Me per 1,000 atoms 
of 7 was produced at a rate of 4.52xl0 7 g per hour per 1 mole 
of titanium by the polymerization reaction. 

Example Ell: 

15 A polymer was produced by the same method as in Example 

E10 by polymerization for 20 minutes, except that a hexane 
solution of triisobutyl aluminum (40 nL, 1.0 M, manufactured 
by Kanto Chemical Co. ) and pentaf luorophenylborane (0.30 (xmol) 
were used in place of MMAO. The polymer with a molecular weight 

20 (Mw) of 2.5xl0 4 , molecular weigh distribution (Mw/Mn) of 2.1, 
a melting point (Tm) of 117. 6°C and a number of branching of 
Me per 1,000 atoms of 4 was produced at a rate of 1.70xl0 6 g 
per hour per 1 mole of titanium by the polymerization reaction. 

25 Example E12: 

A polymer was produced by the same method as in Example 
E10 by polymerization for 20 minutes, except that a hexane 
solution of triisobutyl aluminum (40 fxL, 1.0 M, manufactured 
by Kanto Chemical Co.) and triphenylmethyl 
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tetrakis(pentaf luorophenyl) borate (0.30 pimol) were used in 
place of MMAO. The polymer with a molecular weight (Mw) of 
3.60xl0 4 # molecular weigh distribution (Mw/Mn) of 1.8, a melting 
point (Tm) of 117. 2°C and a number of branching of Me per 1,000 
5 atoms of 16 was produced at a rate of 6.02xl0 7 g per hour per 
1 mole of titanium by the polymerization reaction. 

Example E14: 

Toluene (5.0 mL) and 1-hexene (50 (jiL) were added to an 
10 autoclave under nitrogen. After stabilizing at 70°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 nmmol) and complex E3 (0.10 |xmol) were added to the 
autoclave, and the mixture was allowed to polymerize for 13 
minutes. The polymer with a molecular weight (Mw) of 5.6xl0 4 , 
15 molecular weigh distribution (Mw/Mn) of 2.3 and a melting point 
(Tm) of 127. 0°C was produced at a rate of 5.5xl0 6 g per hour 
per 1 mole of titanium by the polymerization reaction. 

Example El 5: 

20 A polymer was produced by the same method as in Example 

E14 by polymerization for 20 minutes, except that a hexane 
solution of triisobutyl aluminum (40 \iL , 1.0 M, manufactured 
by Kanto Chemical Co. ) and pentaf luorophenylborane (0.30 [iinol) 
were used in place of MMAO . The polymer with a molecular weight 

25 (Mw) of 2.8xl0 5 , molecular weigh distribution (Mw/Mn) of 3.4, 
a melting point (Tm) of 132. 0°C and a number of branching of 
Me per 1,000 atoms of 1 was produced at a rate of l.OOxlO 6 g 
per hour per 1 mole of titanium by the polymerization reaction. 
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Example E16: 

A polymer was produced by the same method as in Example 
E14 by polymerization for 6 minutes , except that ahexane solution 
of triisobutyl aluminum (40 jiL, 1.0 M, manufactured by Kanto 
5 Chemical Co . ) and dimethylanilinium 

tetrakis(pentaf luorophenyl) borate (0.30 [xmol) were used in 
place of MMAO . The polymer with a molecular weight (Mw) of 4.9xl0 4 , 
molecular weigh distribution (Mw/Mn) of 2.3, a melting point 
(Tm) of 129. 0°C and a number of branching of Me per 1,000 atoms 
10 of 6 was produced at a rate of 1.62xl0 7 g per hour per 1 mole 
of titanium by the polymerization reaction. 

Example El 7: 

A polymer was produced by the same method as in Example 
E14 by polymerization for 6 minutes , except that ahexane solution 
of triisobutyl aluminum (40 jxL, 1-0 M, manufactured by Kanto 
Chemical Co . ) and triphenylmethyl 

tetrakis(pentaf luorophenyl) borate (0.30 |mmol) were used in 
place of MMAO. The polymer with a molecular weight (Mw) of 
3.60xl0 4 , molecular weigh distribution (Mw/Mn) of 1.8, a melting 
point (Tm) of 128. 0°C and a number of branching of Me per 1,000 
atoms of 8 was produced at a rate of 1.15xl0 7 g per hour per 
1 mole of titanium by the polymerization reaction. 

25 Example E18: 

Toluene (5.0 mL) and 1-hexene (40 \xh) were added to an 
autoclave under nitrogen. After stabilizing at 130°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 (jxnmol) and complex E3 (0.10 fxmol) were added to the 
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autoclave , and the mixture was allowed to polymerize for 5 minutes . 
The polymer was produced at a rate of 8.0xl0 5 g per hour per 
1 mole of titanium by the polymerization reaction. 

5 Example El 9: 

A polymer was produced by the same method as in Example 
E18 by polymerization for 6 minutes , except that ahexane solution 
of triisobutyl aluminum (4 [xL, 1.0 M, manufactured by Kanto 
Chemical Co . ) and pent afluorophenylborane ( 0 . 030 nmol) were used 
10 in place of MMAO . The polymer was produced at a rate of 2. OOxlO 7 
g per hour per 1 mole of titanium by the polymerization reaction. 

Example E20: 

A polymer was produced by the same method as in Example 
15 E18 by polymerization for 6 minutes , except that ahexane solution 
of triisobutyl aluminum (4 (xL, 1.0 M, manufactured by Kanto 
Chemical Co . ) and dimethylanilinium 

tetrakis (pentaf luorophenyl ) borate (0.030 jxmol) were used in 
place of MMAO. The polymer was produced at a rate of 8.00xl0 5 
20 g per hour per 1 mole of titanium by the polymerization reaction . 

Example E21: 

A polymer was produced by the same method as in Example 
E18 by polymerization for 6 minutes , except that ahexane solution 
25 of triisobutyl aluminum (4 fxL, 1.0 M, manufactured by Kanto 
Chemical Co . ) and triphenylmethyl 

tetrakis (pentaf luorophenyl) borate (0.030 nmol) were used in 
place of MMAO. The polymer was produced at a rate of 2.0xl0 5 
g per hour per 1 mole of titanium by the polymerization reaction . 
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Example E22: 

Toluene ( 5 . 0 mL ) was added to an autoclave under nitrogen . 
After stabilizing at 40°C, ethylene was fed while the ethylene 
5 pressure was adjusted at 0.60MPa. MMAO (100 nmmol) and complex 
E4 (0.10 jxmol) were added to the autoclave, and the mixture was 
allowed to polymerize for 20 minutes. The polymer was produced 
at a rate of 2.6xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

10 

Example E23: 

A polymer was produced by the same method as in Example 
E22, except that a hexane solution of triisobutyl aluminum (40 
fjiL, 1.0 M, manufactured by Kanto Chemical Co.) and 
15 pentaf luorophenylborane (0.30 ^mol) were used in place of MMAO. 
The polymer was produced at a rate of 5.0x10 s g per hour per 
1 mole of titanium by the polymerization reaction. 

Example E24: 

20 A polymer was produced by the same method as in Example 

E22, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
dimethylanilinium tetrakis ( pentaf luorophenyl) borate (0.30 
[xmol) were used in place of MMAO. The polymer was produced at 

25 a rate of 7.6xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Example E25: 

A polymer was produced by the same method as in Example 
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E22, except that a hexane solution of triisobutyl aluminum (40 
\iL, 1.0 M, manufactured by Kanto Chemical Co.) and 
triphenylmethyl tetrakis ( pentaf luorophenyl ) borate (0.30 ^mol ) 
were used in place of MMAO. The polymer was produced at a rate 
of 1 . 85xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 

Example E26: 

Toluene (5.0 mL) and 1-hexene (60 \iL) were added to an 
autoclave under nitrogen. After stabilizing at 40°C # ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 (jitimol) and complex E4 (0.10 pimol) were added to the 
autoclave, and the mixture was allowed to polymerize. The 
polymer with a molecular weight (Mw) of 3.20xl0 5 and molecular 
weigh distribution (Mw/Mn) of 46.5 was produced at a rate of 
1.9xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 

Example E27: 

A polymer was produced by the same method as in Example 
E26, except that a hexane solution of triisobutyl aluminum (40 
y,L, 1.0 M, manufactured by Kanto Chemical Co.) and 
pentaf luorophenylborane (0.30 ^mol) were used in place of MMAO. 
The polymer was produced at a rate of 3.00xl0 5 g per hour per 
1 mole of titanium by the polymerization reaction. 

Example E28: 

A polymer was produced by the same method as in Example 
E26, except that a hexane solution of triisobutyl aluminum (40 
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fxL, l.o M # manufactured by Kanto Chemical Co.) and 
dimethylanilinium tetrakis ( pentaf luorophenyl ) borate (0.30 
Hmol) were used in place of MMAO. The polymer with a molecular 
weight (Mw) of 8.0xl0 3 , molecular weigh distribution (Mw/Mn) 
of 1.6 and a number of branches of Me per 1,000 carbon atoms 
of 42 was produced at a rate of 8.6xl0 6 g per hour per 1 mole 
of titanium by the polymerization reaction. 

Example E29: 

A polymer was produced by the same method as in Example 
E26 by polymerizing for 8 minutes, except that a hexane solution 
of triisobutyl aluminum (40 yiL, 1.0 M, manufactured by Kanto 
Chemical Co . ) and triphenylmethyl 

tetrakis (pentaf luorophenyl) borate (0.30 (umol) were used in 
placeof MMAO. The polymer with a molecular weight (Mw) of 8.6xl0 3 , 
molecular weigh distribution (Mw/Mn) of 1 . 6 and a number of 
branches of Me per 1,000 carbon atoms of 40 was produced at a 
rate of 2.51xl0 7 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Example Fl : Synthesis of compound Fl 



A 1.57 M solution (33.4 mL) of n-butyl lithium was added 
dropwise into an ether solution (77.3 mL) of 

2-N,N-dimethylamino-l-bromobenzene (10.0 g, 50.0 mmol) at -78°C, 




F1 



A1 
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and the mixture was warmed to room temperature then stirred for 
1 hour. The solution was cooled to -78°C, and an ether solution 
(51.0 mL) of compound Al (24.1 g, 50.0 mmol) was added to the 
solution followed by warming to room temperature then the 
resulting mixture was stirred for 3 hours. The reaction was 
stopped by adding deionized water (100.0 mL) and toluene (100.0 
mL). After washing the organic layer with saturated aqueous 
sodium chloride solution (100 mL) , the solvent was removed by 
evaporation to obtain a desired product as a pale yellow oil. 
The product was purified by silica gel column chromatography, 
and compound Fl was obtained as a white solid (13.2 7 g, yield 
46.9%) . 

1 HNMR(CDC1 3 ) 6l.41(18H), 2.10(6H), 2.54(6H), 3.52(6H), 
5.25-5.34(4H) , 6.29(2H), 6 . 81 - 7 . 30 ( 6H ) 

Example F2 : Synthesis of compound F2 



Acetyl chloride (5. 89 g, 75. 0 mmol) was added to a solution 
(340 mL) of compound Fl (8.49 g, 15.0 mmol) in a mixed solvent 
of ethyl acetate/methanol (1/1). Compound F2 was 
quantitatively obtained as a white solid by removing the solvent 
by evaporation in vacuum. 

1 H NMR(CDC1 3 ) 6l.38(18H), 2.10(6H), 3.11(6H), 6.46(2H), 
7.19-7.66(6H) 

31 P NMR(CD 2 C1 2 ) 5-52.2 




F2 
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Example 3 : Synthesis of compound F3 



\ 

— N 




A 1.57 M solution of n-butyl lithium is added dropwise 
into a tetrahydrof uran solution of 

2-N,N-dimethylamino-l-bromobenzene at -78°C, and the solution 
was warmed to room temperature and the mixture is stirred for 
1 hour. The reaction mixture is dripped into a tetrahydrof uran 
solution of phosphorous trichloride at -78°C, and the mixture 
is warmed to room temperature then stirred for 5 hours . Compound 
F3 is obtained by removing the solvent from the filtrate by 
evaporation in vacuum after removing insoluble materials by 
filtration. 

Example F4 : Synthesis of compound Fl 

A 1.56 M hexane solution of n-butyl lithium is added 
dropwise into a tetrahydrof uran solution of 
l-methoxy-2-tert-butyl-4-methylbenzne at -78°C, and the 
reaction mixture is warmed to room temperature then stirred for 
1 hour . A tetrahydrof uran solution of compound F3 is added into 
the reaction mixture at -78°C, and the mixture is warmed to 
room temperature then stirred for 10 hours. Compound Fl is 
obtained by applying a same post- treatment as in Example Fl . 

Example F5: Synthesis of complex F4 
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A toluene solution (8.44 mL) of titanium tetrachloride 
(0,29 g, 1.55 mmol) was added dropwise into a toluene solution 
(8.44 mL) of compound Fl (0.73 g, 1.29 mmol) at -78°C, and the 
mixture was warmed to room temperature then stirred for 10 hours . 
Complex F4 was obtained as a red brown solid (270 mg, yield 35 . 1% ) 
by removing the solvent from the filtrate by evaporation in vacuum 
after removing insoluble materials by filtration. 

31 P NMR (CD 2 C1 2 ): 5 26.0 
EI-MS: 560 (M-Cl) 

Example of polymerization reaction 
Example F6 

Toluene ( 5 . 0 mL ) was added to an autoclave under nitrogen . 
After stabilizing at 40°C, ethylene was fed while the ethylene 
pressure was adjusted at 0.60 MPa. MMAO (100 punmol) and complex 
F4 (0.10 funol) were added to the autoclave, and the mixture was 
allowed to polymerize for 8 . 5 minutes . The polymer was produced 
at a rate of 1.60xl0 7 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Example F7 : 

A polymer was produced by the same method as in Example 
F6 by polymerization for 20 minutes , except that a hexane solution 
of triisobutyl aluminum (40 \xL, 1.0 M, manufactured by Kanto 
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Chemical Co. ) and pentaf luorophenylborane (0.30 ^unol) were used 
in place of MMAO. The polymer was produced at a rate of 2 .00x10 s 
g per hour per 1 mole of titanium by the polymerization reaction . 

Example F8: 

A polymer was produced by the same method as in Example 
F6 by polymerization for 20 minutes , except that ahexane solution 
of triisobutyl aluminum (40 n-L, 1.0 M, manufactured by Kanto 
Chemical Co . ) and pentaf luorophenylborane (0.30 |xmol ) were used 
in place of MMAO. The polymer was produced at a rate of 3.0xl0 6 
g per hour per 1 mole of titanium by the polymerization reaction. 

Example F9 : 

A polymer was produced by the same method as in Example 
F6 by polymerization for 20 minutes , except that ahexane solution 
of triisobutyl aluminum (40 \xL, 1.0 M # manufactured by Kanto 
Chemical Co . ) and triphenylmethyl 

tetrakis ( pentaf luorophenyl) borate (0.30 |xmol) were used in 
place of MMAO. The polymer was produced at a rate of 3.0xl0 6 
g per hour per 1 mole of titanium by the polymerization reaction. 

Example F10: 

Toluene (5.0 mL) and 1-hexene (60 jxL) were added to an 
autoclave under nitrogen. After stabilizing at 40°C # ethylene 
25 was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 (xmrnol) and complex F4 (0.10 jjmol) were added to the 
autoclave , and the mixture was allowed to polymerize for 7 minutes . 
The polymer with a molecular weight (Mw) of 1.20xl0 6 , molecular 
weigh distribution (Mw/Mn) of 99.1 and a number of branches of 
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Me per 1 , 000 carbon atoms of 6 was produced at a rate of 1 . 630xl0 7 
g per hour per 1 mole of titanium by the polymerization reaction . 

Example Fll: 

5 A polymer was produced by the same method as in Example 

F10 by polymerization for 20 minutes, except that a hexane 
solution of triisobutyl aluminum (40 \xL, 1.0 M, manufactured 
by Kanto Chemical Co. ) and pentaf luorophenylborane (0.30 jimol) 
were used in place of MMAO. The polymer was produced at a rate 
10 of 2 . 00x10 s g per hour per 1 mole of titanium by the polymerization 
reaction. 

Example F12: 

A polymer was produced by the same method as in Example 
15 F10 by polymerization for 20 minutes, except that a hexane 
solution of triisobutyl aluminum (40 jiL, 1.0 M, manufactured 
by Kanto Chemical Co.) and dimethylanilinium 
tetrakis( pentaf luorophenyl) borate (0.30 n™ 01 ) were used in 
place of MMAO. The polymer with a molecular weight (Mw) of 
20 1.69xl0 6 and molecular weigh distribution (Mw/Mn) of 14.0 was 
produced at a rate of 1.90xl0 6 g per hour per 1 mole of titanium 
by the polymerization reaction. 

Example F13: 

25 A polymer was produced by the same method as in Example 

F10 by polymerization for 20 minutes, except that a hexane 
solution of triisobutyl aluminum (40 jxL, 1.0 M, manufactured 
by Kanto Chemical Co.) and triphenylmethyl 

tetrakis( pentaf luorophenyl) borate (0.30 pmol) were used in 
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place of MMAO. The polymer with a molecular weight (Mw) of 
2.18xl0 6 and molecular weigh distribution (Mw/Mn) of 8.0 was 
produced at a rate of 1.90xl0 6 g per hour per 1 mole of titanium 
by the polymerization reaction. 

5 

Example F14: 

Toluene (5.0 mL) and 1-hexene (50 [iL) were added to an 
autoclave under nitrogen. After stabilizing at 70°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 

10 MMAO (100 pmmol) and complex F4 (0.10 fimol) were added to the 
autoclave, and the mixture was allowed to polymerize for 20 
minutes. The polymer with a molecular weight (Mw) of 8.1x10 s , 
molecular weigh distribution (Mw/Mn) of 5.9 and a melting point 
(Tm) of 116.9°C was produced at a rate of 1.7xl0 6 g per hour 

15 per 1 mole of titanium by the polymerization reaction. 

Example F15; 

A polymer was produced by the same method as in Example 
F14 by polymerization, except that a hexane solution of 
20 triisobutyl aluminum (40 (jiL, 1.0 M, manufactured by Kanto 
Chemical Co . ) and dimethylanilinium 

tetrakis(pentaf luorophenyl) borate (0.30 jxmol) were used in 
place of MMAO. The polymer with a molecular weight (Mw) of 9.3x1 0 5 , 
molecular weigh distribution (Mw/Mn) of 8.9 and melting point 
25 (Tm) of 120. 6°C was produced at a rate of 1.4xl0 6 g per hour 
per 1 mole of titanium by the polymerization reaction. 

Example F16: 

A polymer was produced by the same method as in Example 
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F14 by polymerization, except that a hexane solution of 
triisobutyl aluminum (40 \xL, 1.0 M, manufactured by Kanto 
Chemical Co . ) and triphenylmethyl 

tetrakis(pentaf luorophenyl) borate (0.30 jxmol) were used in 
5 place of MMAO . The polymer with a molecular weight (Mw) of l.OxlO 6 , 
molecular weigh distribution (Mw/Mn) of 5 . 6 and melting point 
(Tm) of 119. 3°C was produced at a rate of 1.4xl0 6 g per hour 
per 1 mole of titanium by the polymerization reaction. 

10 Example F17: 

Toluene (5.0 mL) and 1-hexene (40 \iL) were added to an 
autoclave under nitrogen. After stabilizing at 130°C, ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
MMAO (100 nmmol) and complex F4 (0.10 (xmol) were added to the 

15 autoclave , and the mixture was allowed to polymerize for 5 minutes . 
The polymer was produced at a rate of l.lxlO 6 g per hour per 
1 mole of titanium by the polymerization reaction. 

Example F18: 

20 A polymer was produced by the same method as in Example 

F17 by polymerization, except that a hexane solution of 
triisobutyl aluminum ( 4 \xL . 1 . 0 M, manufactured by Kanto Chemical 
Co.) and dimethylanilinium tetrakis (pentaf luorophenyl ) borate 
(0.30 fxmol ) were used in place of MMAO . The polymer was produced 

25 at a rate of 6.0xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 



Example F19: 

A polymer was produced by the same method as in Example 
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F17 by polymerization, except that a hexane solution of 
triisobutyl aluminum ( 4 \xh , 1.0M, manufactured by Kanto Chemical 
Co.) and triphenylmethyl tetrakis (pentaf luorophenyl ) borate 
(0.30 (jmol ) were used in place of MMAO . The polymer was produced 
5 at a rate of 7.0xl0 6 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Comparative Example 1 : 

Toluene (5.0mL) was added to an autoclave under nitrogen. 
10 After stabilizing at 40°C, ethylene was fed while the ethylene 
pressure was adjusted at 0.60 MPa. Methyl aluminoxane (100 
jxmmol ) and 

2,2' - (phenylphosphine)bis( 6-tert-butyl-4-methylphenoxy) ( tet 
rahydrof uran) titanium dichloride (0.10 pmol) were added to the 
15 autoclave, and the mixture was allowed to polymerize for 30 
minutes. The polymer was produced at a rate of l.OOxlO 6 g per 
hour per 1 mole of titanium by the polymerization reaction. 

Comparative Example 2: 

20 A polymer was produced by the same method as in Comparative 

Example 1 by polymerization, except that a hexane solution of 
triisobutyl aluminum (40 \xh, 1.0 M, manufactured by Kanto 
Chemical Co. ) and pentaf luorophenylborane (0.30 jimol) were used 
in place of methyl aluminoxane. The polymer was produced at 

25 a rate of 3.00xl0 5 g per hour per 1 mole of titanium by the 
polymerization reaction. 

Comparative Example 3 : 

A polymer was produced by the same method as in Comparative 
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Example 1 by polymerization, except that a hexane solution of 
triisobutyl aluminum (40 [xL, 1.0 M, manufactured by Kanto 
Chemical Co . ) and dimethylanilinium 

tetrakis (pentaf luorophenyl) borate (0.30 nmol) were used in 
5 place of methyl aluminoxane . The polymer was produced at a rate 
of 1 . 20xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 

Comparative Example 4: 
10 A polymer was produced by the same method as in Comparative 

Example 1 by polymerization, except that a hexane solution of 
triisobutyl aluminum (40 fxL, 1.0 M, manufactured by Kanto 
Chemical Co . ) and triphenylmethyl 

tetrakis (pentaf luorophenyl) borate (0.30 jxmol) were used in 
15 place of methyl aluminoxane. The polymer was produced at a rate 
of 1 . 30xl0 6 g per hour per 1 mole of titanium by the polymerization 
reaction. 

Comparative Example 5 : 
20 Toluene (5.0 mL) and 1-hexene (50 \xL) were added to an 

autoclave under nitrogen. After stabilizing at 40°C # ethylene 
was fed while the ethylene pressure was adjusted at 0.60 MPa. 
Methyl aluminoxane (100 jimmol) and 

2 , 2 ' - ( phenylphosphine)bis ( 6- tert-butyl-4-methylphenoxy ) ( tet 
25 rahydrof uran) titanium dichloride (0.10 jxmol) were added to the 
autoclave, and the mixture was allowed to polymerize for 30 

minutes. The polymer was produced at a rate of 5.00x10 s g per 
hour per 1 mole of titanium by the polymerization reaction. 
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Comparative Example 6 : 

A polymer was produced by the same method as in Comparative 
Example 5 by polymerization, except that a hexane solution of 
triisobutyl aluminum (40 1.0 M, manufactured by Kanto 

5 Chemical Co . ) and dimethylanilinium 

tetrakis(pentaf luorophenyl) borate (0.30 jju* 101 ) were used in 
place of methyl aluminoxane . The polymer was produced at a rate 
of 6 . 00x10 s g per hour per 1 mole of titanium by the polymerization 
reaction. 

10 

Comparative Example 6: 

A polymer was produced by the same method as in Comparative 
Example 5 by polymerization, except that a hexane solution of 
triisobutyl aluminum (40 M.L, 1.0 M, manufactured by Kanto 
15 Chemical Co.) and triphenylmethyl 

tetrakis(pentaf luorophenyl) borate (0.30 (junol) were used in 
place of methyl aluminoxane . The polymer was produced at a rate 
of 7 . 00x10 s g per hour per 1 mole of titanium by the polymerization 
reaction. 

20 

Industrial Applicability 

The transition metal complex having the ligand of the 
invention is useful as a component of a catalyst for polymerizing 
olefins. The catalyst has a good polymerization activity and 
25 is capable of being used for production of high molecular weight 
olefin polymers. 
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